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C h a p te r  I 
INTRODUCTION
T his  s tu d y  o r ig in a te d  a s  a  co n se q u e n c e  of th e  W ild e rn e s s  A ct 
of S e p te m b e r  3, 1964 (P u b lic  Law 88-577). T h is  a c t ,  in  p a r t ,  
r e q u i r e s  th e  S e c r e t a r y  of th e  I n t e r io r  to  re v ie w  e v e ry  r o a d le s s  a r e a  
of 5, 000 contiguous a c r e s  o r  m o re  and  e v e ry  ro a d le s s  is la n d  w ith in  
th e  N a tio n a l W ild life  R efuge S y s te m  and, w ith in  10 y e a r s  a f t e r  th e  
e f fec t iv e  d a te  of th e  a c t ,  r e p o r t  to  th e  P r e s id e n t  of the  United S ta te s  
h is  re c o m m e n d a t io n s  c o n c e rn in g  th e  s u i ta b i l i ty  o r  n o n su itab il i ty  of 
ea ch  su c h  a r e a  o r  is la n d  a s  w i ld e rn e s s .
A s announced  in  th e  F e d e r a l  R e g i s t e r  (G o ttsch a lk  1970), the  
R ed  R ock  L a k e s  N a tio n a l W ild life  R efuge , w h e re  th is  s tu d y  w as  c o n ­
d u c ted , co n ta in s  p o te n t ia l  w i ld e rn e s s  r e s o u r c e s  th a t  m e e t  th e  b a s ic  
c r i t e r i a  d e s c r ib e d  in th e  W ild e rn e s s  A ct of 1964.
T he  Red R o ck  L a k e s  R efuge i s  a d m in is t e r e d  b y  th e  B u re a u  
of S p o r t  F i s h e r i e s  and  W ild life , U. S. F i s h  and  W ild life  S e rv ic e .  
A lthough th e  R efuge is  m a n a g e d  u n d e r  a  m u l t ip le  u s e  concep t th a t  
in c lu d e s  hun ting , f ish in g ,  g ra z in g ,  and  th e  o b s e rv a t io n  and en jo y m en t 
of a l l  lo c a l  f lo r a  and  fau n a  b y  th e  g e n e r a l  p u b lic ,  th e  p r i m a r y  R efuge 
o b je c t iv e  invo lves  th e  p r o te c t io n  and  p r e s e r v a t io n  of th e  n e s t in g
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and  r e s t i n g  h a b i ta t  of th e  t r u m p e t e r  sw an  (O lo r  b u c c in a to r ).
In an e f fo r t  to  b e t t e r  u n d e r s ta n d  th e  t r u m p e t e r  sw an  and i t s  
h a b i ta t  r e q u i r e m e n t s  and  in te r a c t io n s ,  a s  w e ll  a s  th e  p o s s ib le  b e n e f i ts  
o r  d is a d v a n ta g e s  th a t  a  w i ld e r n e s s  s ta tu s  w ould  have  upon fu tu re  
m a n a g e m e n t  o p tions , th e  U .S . B u re a u  of S po rt F i s h e r i e s  and W ild life  
In co n ju n c tio n  w ith  th e  C o o p e ra t iv e  W ild life  R e s e a r c h  Unit a t  the  
U n iv e r s i ty  of M ontana in i t ia te d ,  in  1971, a  s tu d y  of th e  "E co lo g y  of 
th e  T r u m p e te r  Swan. "
T h is  s tu d y  w a s  co n duc ted  In tw o s e g m e n ts .  The f i r s t  
s e g m e n t  p e r ta in in g  d i r e c t ly  to  th e  eco lo g y  of th e  sw an s  w as c a r r i e d  
out b y  U n iv e r s i ty  of M ontana d o c to ra l  ca n d id a te  R o g e r  P a g e .  The 
se c o n d  se g m e n t ,  h e r e in ,  d e a ls  w ith  th e  eco logy  of the  s u b m e rg e d  
m a c ro p h y te s  found w ith in  th e  R efuge la k e s .
T h is  th e s i s  s u m m a r i z e s  th e  s o i l ,  w a te r ,  and  aq u a tic  m a c r o ­
phy te  r e s e a r c h  th a t  h a s  b e e n  co n duc ted  to  d a te  on th e  R efuge. The 
s p e c if ic  o b je c t iv e s  of th is  r e s e a r c h  w e re :
1. To d e te r m in e  w h a t c h e m ic a l  f a c to r s  in h e re n t  In th e  la k e  
b o t to m  s o i l s  and s u r ro u n d in g  w a te r s h e d  of th e  R efuge m ig h t  c o n tr ib u te  
to  th e  p ro d u c t iv i ty  of s u b m e rg e n t  v e g e ta t io n  o r  w h ich  m ig h t l im i t  
p la n t  g ro w th  by d e f ic ie n c ie s  o r  b y  th e  tox ic  e f fe c ts  of in o rd in a te ly  
h ig h  c o n c e n tr a t io n s .
2 . To d e s c r ib e  w a te r  d y n a m ic s  of th e  R ed  R ock  L ak e s  
m a r s h  b y  m e a s u r in g  s t r e a m  d is c h a r g e  in to  th e  m a r s h  and outflow
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f r o m  th e  m a r s h .
3. To c h a r a c t e r i z e  th e  w a te r s  of th e  la k e s  and  ponds by 
c h e m ic a l ly  an a ly z in g  w a te r  s a m p le s  and  to  d e te r m in e  w hat f a c to r s  in 
th e  w a te r  a f fec t  th e  d is t r ib u t io n ,  ab u n d an ce , and  p ro d u c t iv i ty  of 
aq u a tic  m a c ro p h y te s ,
4. To id en tify  and  m ap  th e  s u b m e rg e d  m a c ro p h y te s  of th e  
m a jo r  la k e s  and ponds and  to  r e c o r d  bo th  d is t r ib u t io n  and abundance .
5. To d e s c r ib e  th e  g e n e r a l  h a b i ta t  r e q u i r e m e n ts  of th e  s u b ­
m e rg e d  m a c ro p h y te s .
6 . To c h a r a c t e r i z e  th e  p h eno logy  of th e  m a jo r  s p e c ie s  of 
s u b m e rg e d  m a c ro p h y te s .
7. To c h a r a c t e r i z e  p la n t  s u c c e s s io n a l  p a t t e r n s  w ith  the  u se  
of p a s t  Refuge r e c o r d s  and to  p r e d ic t  p o s s ib le  fu tu re  t r e n d s  and 
c h a n g e s .
8 . To d e te r m in e  o r  p r e d ic t  th e  e f fe c ts  of d i f fe re n t  m a n a g e ­
m e n t  p r a c t i c e s  upon th e  a q u a tic  m a c ro p h y te s .
P la n t ,  s o i l ,  and  w a te r  r e s e a r c h  w as  conduc ted  on th e  s e v e n  
m a jo r  la k e s  and ponds ly ing  w ith in  th e  R efuge b o u n d a r ie s  (T ab le  1). 
P la n t  f ie ld  w o rk  w as  r e s t r i c t e d  to  s u b m e rg e d  m a c ro p h y te s  in  th e s e  
open w a te r  a r e a s  and  did no t in c lu d e  e m e rg e n t  s p e c ie s  su c h  a s  T y p h a , 
S c i r p u s , Ju n e  u s ,  an d  C a r  ex w h ich  c o v e r  a p p ro x im a te ly  8 , 600 a c r e s .  
T he  im p o r ta n c e  of e m e rg e n t  p la n ts  to  th e  t r u m p e t e r  sw an  in  t e r m s  of 
n e s t in g  h a b i ta t ,  e s c a p e  c o v e r ,  and food s o u r c e s  sh o u ld  not be
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o v e r lo o k e d  n o r  u n d e r r a te d ,  b u t  lo g i s t i c s ,  t im e ,  and w o rk  lo ad s  w ith  
th e  s u b m e rg e d  p la n ts  d id  not w a r r a n t  an y  in te n s iv e  w o rk  w ith  th e se  
p lan t c o m m u n it ie s .
T ab le  1
L a k e s  and  P o n d s  W ith in  th e  Study A re a
A re a  A c r e s
U p p er  L a k e ................................................................. 2 ,8 8 0
L o w e r  L a k e .......................................................... 1, 540
R iv e r  M a r s h ..........................................................  570
Swan L a k e .................................................................  415
W idgeon P o n d ..........................................................  132
C u lv e r  P o n d ..........................................................  2 7
M acD onald  P o n d ....................................................  12
T o t a l ....................................................  5, 576
In p u rs u in g  th e  o b je c t iv e s  of th is  s tu d y  o v e r  th e  p a s t  2 
y e a r s ,  m a n y  in s ig h ts  in to  th e  eco lo g y  of the  s u b m e rg e d  m a c ro p h y te s  
of th e  R efuge w e r e  g a in ed . In  s o m e  c a s e s ,  no doubt, m o r e  w o rk  is  
n ee d ed  b e fo re  th e  d y n a m ic s  of th e  s y s te m  can  be fu lly  u n d e rs to o d .
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C h a p te r  II 
D E SC R IPT IO N  O F  THE STUDY AREA
L o c a t io n
T he R ed  R o ck  L a k e s  N a tio n a l W ild life  R efuge w as e s ta b l i s h e d  
in 1935 to  p r o te c t  an d  p r e s e r v e  one of th e  l a s t  r e m a in in g  b r e e d in g  
a r e a s  of th e  t r u m p e t e r  sw an  in  th e  con tiguous  48 s t a t e s .  The R efuge 
co n ta in s  a p p ro x im a te ly  40, 000 a c r e s  of open  w a te r ,  m a r s h ,  d ry  
s a g e b r u s h  u p lan d s , f e r t i l e  h a y  m e a d o w s , f o r e s te d  s lo p e s ,  and p o r t io n s  
of th e  ru g g ed  C e n te n n ia l  M ounta ins  w h ich  f o rm  p a r t  of th e  C on tin en ta l  
D ivide.
S itua ted  a t an  e le v a t io n  of 6 , 600 fe e t ,  th e  R efuge l i e s  a t  th e  
e a s t e r n  end of th e  C e n te n n ia l  V a lley  in  B e a v e rh e a d  County, M ontana 
{ 4 4 0  3 7 1  la t i tu d e ,  111® 45 ' lo n g itu d e) . The V alley  i s  a p p ro x im a te ly  
40 m i le s  long  and 7 m i le s  w ide  and  i s  b o r d e r e d  on th e  n o r th  by  th e  
low, ro l l in g  G ra v e l ly  R ange  and  on th e  so u th  b y  the  ru g g ed  C e n ten n ia l  
M oun ta in s . D ev e lo p m en t of th e  R efuge ( ro a d s ,  d i tc h e s ,  d a m s ,  e t c . )  
is  m in im a l  and c o n c e n tr a te d  a t th e  e a s t  end of th e  R efuge s o  th a t  m u c h  
of th e  m a r s h  s t i l l  l i e s  in  i t s  u n d is tu rb e d  n e a r - p r i s t i n e  cond ition .
C l im a te
T h e  C e n ten n ia l  V a lley  i s  c h a r a c t e r i z e d  b y  long  cold  w in te r s
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an d  s h o r t  coo l s u m m e r s .  T he  a v e r a g e  an n u a l  p r e c ip i ta t io n  is  20 
in c h e s  (1961-1972). T h is  p r e c ip i ta t io n  is  q u ite  ev e n ly  d is t r ib u te d  
th ro u g h o u t th e  y e a r  w ith  th e  ex cep tio n  of Ju n e  w h ich  is  u su a lly  the  
w e t te s t  m o n th  (F ig . 1).
A v e ra g e  sn o w fa ll  d u r in g  th e  long w in te r  m o n th s  is  150 
in c h e s .  Snowfall d u r in g  e v e ry  m o n th  of th e  y e a r  i s  not uncom m on.
T he  m e a n  an n u a l t e m p e r a tu r e  is  34. 9 ° F .  D uring  e x t re m e  
co ld  p e r io d s ,  a i r  t e m p e r a tu r e s  co m m o n ly  d ro p  to  th e  -3 0 ° F  to  
-4 0 ° F  r a n g e .  T he s u m m e r  m a x im u m  te m p e r a tu r e  r a r e l y  ex ceed s  
90^F .
A lthough f r o s t  o c c a s io n a l ly  o c c u r s  d u r in g  e v e ry  m o n th  of th e  
y e a r ,  th e  a v e ra g e  len g th  of th e  f r o s t - f r e e  s e a s o n  is  about 51 days .
T h is  s e a s o n  ex tends  f ro m  m id - J u n e  to  m id -A u g u s t ,  th e  l a t t e r  p e r io d  
c o r r e s p o n d in g  to  th e  g e n e r a l  te r m in a t io n  of the  g ro w in g  s e a s o n  fo r  
m o s t  of th e  s u b m e rg e d  m a c ro p h y te s .
G eology
T he  geo log ic  fo rm a t io n s  of th e  R efuge a r e a  w e r e  w e l l  m ap p ed  
(F ig . 2) and  d e s c r ib e d  b y  E g b e r t  (1960). The s t r u c t u r e  and s t r a t i g ­
ra p h y  of th e s e  f o rm a t io n s  a r e  t r e a t e d  in  g r e a t  d e ta i l  by  Mann (1960), 
E g b e r t  (1960), H anson  (1960), S tr ic k la n d  (1960), K u m m el (1960), 
M o r i tz  (1960), and H onkala (1967).
T h e  R efuge  i s  bounded on th e  n o r th  b y  th e  low ro l l in g  h i l ls  of
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F ig u re  2. G eologic m ap  of th e  s tu d y  a r e a  (E g b e rt 1960).
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th e  G ra v e l ly  R ange . T h e s e  h i l l s  a r e  c o m p r is e d  of T e r t i a r y  e x t ru s iv e  
ro c k s  p r i m a r i l y  of rh y o l i te  and  b a s a l t .
T h e  C e n te n n ia l  M ounta ins  im m e d ia te ly  a d ja c e n t  to  th e  sou th  
b o u n d a ry  of th e  R efuge b e lo n g  to  th e  L a r a m id e  o ro g en y  s y s te m  and  a r e  
in c lu d ed  in  th e  b r o a d e r  c a te g o ry  of " C e n t r a l  R o c k ie s "  (E a rd le y  1951). 
T he  C e n te n n ia l  M ounta ins  a r e  o r ie n te d  a p p ro x im a te ly  in  an  e a s t - w e s t  
d i r e c t io n  and  ex tend  t h e i r  r a n g e  fo r  40 m i le s  f ro m  M onida P a s s ,  
M ontana to  H e n ry 's  F o r k  of th e  Snake R iv e r  in  Idaho. Mount 
J e f f e r s o n ,  e a s t  of th e  R efuge , i s  th e  h ig h e s t  po in t in  th e  e n t i r e  r a n g e ,  
r e a c h in g  a n  e lev a t io n  of 10, 211 fe e t .  B e c a u s e  of th e  g r e a t  len g th  of 
th e  C e n te n n ia l  R an g e , d i s c u s s io n  is  l im i te d  to  th a t  s e g m e n t  of th e  
C e n te n n ia ls  w ith in  th e  w a te r s h e d  of th e  R efuge , i. e . , f ro m  Mount 
B a ld y  a d ja c e n t  to  th e  R e fu g e 's  w e s t e r n  bou n d ary ; e a s t ,  a long  the  
C o n tin en ta l  D ivide to  th e  h e a d w a te r s  of R ed  R ock  C re e k  and the  a r e a  
a l s o  known a s  A la s k a  B a s in .
T he  C e n te n n ia l  M o u n ta in s , im m e d ia te ly  a d jac e n t  to  th e  
R efuge , a r e  te c to n ic  in  o r ig in ,  a r i s i n g  f ro m  th e  p ro m in e n t  "C e n te n n ia l  
F a u l t" ;  a  fau lt  b lo c k  of e a s t - w e s t  o r ie n ta t io n  th a t  ru n s  along th e  foot 
s lo p e  of th e  m o u n ta in s  n e a r  th e  R e fu g e 's  s o u th e rn  b o u n d a ry . T he 
C e n te n n ia l  M ounta ins to  th e  so u th  of th e  f a u l t  a r e  th e  up lif ted  r a n g e - 
b lo c k  and  th e  C e n te n n ia l  V a lley  to  th e  n o r th  is  th e  d o w n -th ro w n  b a s in  
b lo c k .  T he  up lif t  of th e  C e n te n n ia l  R an g e  b eg a n  in  L o w er  C re ta c e o u s  
t im e ,  w h ich  m a rk e d  th e  ad v en t of th e  L a r a m id e  o ro g en y , and con tinued
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to  e a r ly ,  lo w e r  E o ce n e  t im e  (Honkala 1960). The fau lt  f ro n t  of th e  
C e n te n n ia l  M ounta ins  i s  a  p r e c ip i to u s  3, 000 foot s c a r p  of im p r e s s iv e  
b eau ty .
T he C e n te n n ia l  e s c a r p m e n t  w as  f u r th e r  m od if ied  by  
g la c ia t io n .  S m all  t e r m i n a l  m o r a in e s  a t  th e  foot s lo p e  of th e  m o u n ta in s  
a r e  co m m o n  a s  a r e  s m a l l  n o r th - s o u th  t r e n d in g  g la c ia l  v a l le y s  and  
c i r q u e s .  M o re  r e c e n t ly ,  th e  s c a r p  w a s  m o d if ied  b y  t r e m e n d o u s  
a v a la n c h e s  and  la n d s l id e s  w h ich  s c a r  th e  lo w e r ,  f o re s te d ,  m oun ta in  
s id e s .
T he  ro c k s  c o m p r is in g  th e  C e n te n n ia l  M ounta ins a r e  d iv is ib le  
in to: (1) P r e c a m b r i a n  m e ta m o rp h ic s ;  (2) P a le o z o ic ,  M eso zo ic , and 
C en o zo ic  s e d im e n ts ;  and  (3) C en o zo ic  v o lc a n ic s .  The w a te r s h e d  to  
th e  e a s t  of th e  R efuge , inc lud ing  m o s t  of th e  A la s k a  B a s in  a r e a  and 
th e  T om  C r e e k  d ra in a g e ,  is  c o m p r is e d  a lm o s t  e n t i r e ly  of P r e c a m b r i a n  
m e ta m o rp h o s e d  c a rb o n a te s .  T h e s e  c a rb o n a te s  r e p r e s e n t  th e  o ld e s t  
r o c k s  found in th e  R efuge  w a te r s h e d .
Above th e  P r e c a m b r i a n  m e ta m o rp h ic s ,  a t  th e  h e a d w a te r s  of 
R ed  R ock  C re e k  and  T om  C re e k ,  s e d im e n ta r y  ro c k s  p r e v a i l .  R e p r e ­
s e n te d  in  th e s e  h igh  a l t i tu d e  r o c k s  a r e  C a m b r ia n  ro c k s  w h ich  a r e  
p r o g r e s s iv e ly  o v e r la in  b y  s e d im e n ta r i e s  of D evonian  J e f f e r s o n  L im e ­
s to n e  o r  T h re e  F o r k s  F o rm a t io n ;  M is s i s s ip p ia n  M adison  F o rm a t io n  
l im e s to n e ;  P e r m i a n  P h o s p h o r ia  F o rm a t io n ;  P e n n sy lv a n ia n  A m sd e n  
and  Q u a d ra n t  F o rm a t io n ;  and f in a l ly ,  in  s o m e  a r e a s .  T e r t i a r y
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v o lc a n ic s  (E g b e r t  1960, M ann 1960). W ith  th e  ex cep tion  of th e  
P h o s p h o r i a  F o rm a t io n  w h ich  co n ta in s  c h e r t s ,  s h a le s ,  and p h o sp h o r i te  
( C r e s s m a n  and Sw anson  1960), th e  above s t r a t a  a r e  p r i m a r i l y  c o m ­
p o se d  of l im e s to n e ,  d o lo m ite ,  and  sa n d s to n e s  (Mann 1960).
T he  C e n te n n ia l  e s c a r p m e n t  ru n n in g  con tiguous w ith  th e  so u th  
R efuge b o u n d a ry  is  s i m i l a r  g e o lo g ic a l ly  to  th e  h e a d w a te r  r e g io n s  of 
R ed  R ock  C re e k  b u t m o r e  co m p lex  due to  th e  p r e s e n c e  of ad d it io n a l 
s e d im e n ta r y  s t r a t a .  A m ong th e  g eo lo g ic a lly  y o u n g e r  s e d im e n ta ry  
s t r a t a  found in th is  r e g io n  a r e  r o c k s  of th e  T r i a s  s ic  (Dinwoody 
F o rm a t io n ) ,  J u r a s s i c  (M o rr is o n  F o rm a t io n  and E l l i s  G roup), and 
f in a l ly  lo w e r  C re ta c e o u s  (K ootenai F o rm a t io n )  (E g b e r t  1960, Mann 
1960). T h e s e  s t r a t a  a r e  p r i m a r i l y  l im e s to n e ,  sa n d s to n e ,  s i l t s to n e ,  
and d o lo m ite  (Mann 1960).
The co n tin u ity  of th e  C e n te n n ia l  M ounta ins  n e a r  th e  R efuge 
i s  d is ru p te d  b y  a n o r th - s o u th  t r e n d in g  fau lt  th ro u g h  th e  O dell C re e k  
d ra in a g e .  H onkala (1960) th e o r iz e d  th a t  th is  is  a  h ig h -a n g le  n o rm a l  
fa u lt .  The geo log ic  p a r e n t  m a t e r i a l  e a s t  of th e  O dell C r e e k  fau lt  
( ju s t  d is c u s s e d )  is  q u ite  d i f fe re n t  th a n  th e  ro c k s  found w e s t  of th e  
d ra in a g e .  T he a r e a  w e s t  of O d e ll  C r e e k  is  d o m in a te d  by  Mount 
B a ld y  (e lev a tio n  9889 ft. ) and  i t s  su r ro u n d in g  fo o th i l ls .  U nlike the  
p re v io u s  p o r t io n s  of th e  C e n te n n ia ls ,  M ount B a ld y  i s  a lm o s t  
e x c lu s iv e ly  c o m p r is e d  of T e r t i a r y  v o lc a n ic s .
T h e  g eo lo g ic  c o m p o s it io n  of th e  V a lley  f lo o r  i s  Q u a te rn a r y
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a l lu v iu m  w h ich  r e s u l t e d  f r o m  th e  e r o s io n a l  b re a k d o w n  of the  
s u r ro u n d in g  m o u n ta in s .
Soils
T h e  m ap p in g , c la s s i f ic a t io n ,  and  d e s c r ip t io n  of upland 
R efuge  s o i l s  h as  b e e n  w e ll  d o c u m en te d  (N ie lson  and  F a r n s w o r th  1966). 
T h e i r  s u r v e y  r e v e a le d  th a t  t h e r e  a r e  e igh t o r d e r s  of s o i l s  found on the  
R efuge  w h ich  a r e  f u r t h e r  c l a s s i f i e d  in to  30 d if fe re n t  s o i l  s e r i e s .
R efuge s o i l s  can  b e  c l a s s i f i e d  u n d e r  th e  b r o a d e r  c a te g o ry  of s o i l  
a s s o c ia t io n s ,  of w h ich  11 a r e  found on th e  R efuge (F ig . 3).
D e sp i te  th is  g r e a t  d iv e r s i ty  of s o i l  ty p e s ,  only  a few of the  
30 s o i l  s e r i e s  a r e  co rhm on  and w id e s p re a d  on th e  R efuge. S ixty 
p e r c e n t  of th e  R e fu g e 's  up land  s o i l s  a r e  ac co u n te d  f o r  by  th e  Ching, 
Bug, R a y n e s fo rd ,  and B r e c a  s e r i e s  and  th e  A rv a d a -B e c k to n ,  A rv a d a  - 
C h ing , and  p e a t -m u c k  c o m p le x e s .
W a te r s h e d
T he  w a te r s h e d  of th e  R efuge is  bounded  on the  so u th  by  th e  
C e n te n n ia l  M oun ta ins , on th e  e a s t  by  th e  A la s k a  B a s in  and i ts  a d ja c e n t  
h i l l s ,  and  on th e  n o r th  b y  th e  G ra v e l ly  R ange. T he  Refuge w a te r s h e d  
i s  open to  th e  w e s t  w h e re  la k e  w a te r  e x i ts  v ia  th e  R ed Rock R iv e r .
T h e  s o u th e rn  ex ten t of th e  w a te r s h e d  is  d ra in e d  b y  T om ,
L one W illow , and  O d e ll  c r e e k s .  D u rin g  p e r io d s  of p e a k  runo ff  in 
e a r l y  s u m m e r .  Duff, C o l l in s ,  H u m p h rey , Sham bow , and  H ackett
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c r e e k s  a ls o  c a r r y  c o n s id e ra b le  am o u n ts  of w a te r .  S p rin g s  f ro m  th is  
a r e a  fe ed  C o le , N ye, E a s t  Sham bow , G ra y lin g , and  E a s t  Nye c re e k s  
th ro u g h o u t th e  s u m m e r  m o n th s .
T he A la sk a  B a s in  a r e a  to  th e  e a s t  of th e  R efuge is  d ra in e d  
p r im a r i ly  by  R ed R ock  C re e k . W arm  s p r in g s  p la y  an  im p o r ta n t ro le  
in  th is  e a s te r n  p o r tio n  of th e  R efuge . C u lv e r  S p rin g s  i s  th e  p r im a r y  
w a te r  s o u rc e  fo r  C u lv e r  P ond , and  E lk  S p rin g s  is  th e  p r im a r y  w a te r  
s o u rc e  of M acD onald  I^ond. W a rm  w a te r  f ro m  th e s e  tw o s p r in g s  a r e  
re s p o n s ib le  fo r  m a in ta in in g ; i c e - f r e e  a r e a s  d u rin g  th e  w in te r  w h e re  
r e s id e n t  t r u m p e te r  sw an s c o n g re g a te  and  a r e  a r t i f ic ia l ly  fed .
T he G ra v e lly  R ange to  th e  n o r th  of th e  R efuge c o n tr ib u te s  
v e ry  l i t t l e  w a te r  to  th e  m a r s h  la k e s .  T eep ee  C re e k  is  th e  m a in  
s t r e a m  th a t e n te r s  th e  R efuge f ro m  th e  n o r th  and i ts  flow is  l im ite d  
to  a  few w eek s in  e a r ly  s u m m e r .
T  CL ke O rig in
T he m a r s h  p r o p e r ,  i. e . , U p p er, L o w er and  Swan la k e s  and 
R iv e r  M a rsh , is  te c to n ic  in  o r ig in , b e in g  fo rm e d  f ro m  the  dow n- 
th ro w n  b a s in  b lo c k  of th e  C e n ten n ia l fa u lt. D u ring  th e  re c e n t geo log ic  
p a s t  th is  b a s in  b lo c k  w as in u n d a ted  b y  a  g la c ia l  la k e . B ro w e r  (1897) 
e s tim a te d  th a t th e  la k e  ex ten d ed  f ro m  th e  A la sk a  B a s in  w e s t to  L im a  
R e s e r v o ir  and c o v e re d  a p p ro x im a te ly  300 s q u a re  m ile s .  T he la rg e  
R ed  R ock  L ak es  and  s u r ro u n d in g  m a rs h la n d  a r e  a l l  th a t r e m a in
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of th e  a n c ie n t la k e  to d ay .
T he s p r in g - fe d  R efuge  ponds a r e  a l l  m a n -m a d e  o r  in  so m e  
w ay  a r t i f ic ia l ly  a l te r e d .  M acD onald  P ond  r e s u l te d  f ro m  th e  im p o u n d ­
m e n t of E lk  C re e k  S p rin g s  and  th e  e fflu en t f ro m  E lk  L ak e . T he 
e a r th e n  d am  and  c o n tro l  s t r u c tu r e  w e re  c o n s tru c te d  in  1953. C u lv e r  
P ond  w as c re a te d  b y  th e  im p o u n d m en t of C u lv e r  S p rin g s  in  1959. B oth  
th e  M acD onald  and  C u lv e r  im p o u n d m en ts  w e re  b u ilt  to  expand th e  
p re e x is t in g  ponds w h ich  w e re  im pounded  b y  th e  o r ig in a l  s e t t l e r s  of 
th e  a r e a .  W idgeon P o n d , c r e a te d  in  1964, r e p r e s e n ts  th e  n ew est of 
th e  R efuge ponds and  w as fo rm e d  b y  th e  im pou n d m en t of P ic n ic  C re e k .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
C h a p te r  III 
M ETHODS AND PR O C ED U R ES
S o ils
In  Ju n e , 1971, 36 u p lan d  s o i l  s a m p le s  w e re  c o lle c te d  a t  th e  
s i t e s  in d ic a te d  in  F ig u re  3. T h e se  s i t e s  w e re  s e le c t iv e ly  ch o sen  to  
r e p r e s e n t  ea ch  of th e  11 s o i l  a s s o c ia t io n s  p r e s e n t  on th e  R efuge. In 
ad d itio n , 17 s o i l  s a m p le s  w e re  c o lle c te d  f ro m  th e  la k e  b o tto m s of th e  
R efuge  a t  th e  s i t e s  in d ic a te d  in  F ig u re  4 . C h e m ic a l and te x tu ra l  
a n a ly s e s  of up land  and  la k e -b o tto m  s o ils  w e re  co n d u c ted  b y  th e  P la n t 
an d  S oil S c ien ce  L a b o ra to ry  of M ontana S ta te  U n iv e rs ity , B o zem an .
A v a ilab le  s o i l  c a lc iu m , m a g n e s iu m , p o ta s s iu m , and  so d iu m  
w e re  d e te rm in e d  u s in g  th e  s ta n d a rd  1 N am m o n iu m  a c e ta te  (NH^OAc) 
e x tra c t io n  p ro c e d u re  a t  pH 7. 0, A v a ilab le  iro n  and m a n g a n ese  w e re  
d e te rm in e d  b y  th e  D T P A -T E A  (D ie th y len e  t r ia m in e  p e n ta a c e tic  ac id , 
T r ie th a n o la m in e )  e x tra c tio n  m e th o d . M e a su re m e n ts  fo r  th e s e  s ix  
e le m e n ts  w e re  m a d e  on th e  P e r k in s - E lm e r  m o d e l 2 90-B  a to m ic  
a b s o rp tio n  s p e c tro p h o to m e te r .
A v a ila b le  p h o sp h o ru s  w as  d e te rm in e d  u s in g  th e  am m o n iu m  
f lu o r id e  (N H ^ F )-h y d ro c h lo r ic  a c id  (HCl) e x tra c t io n  p ro c e d u re . 
P e r c e n t  o rg a n ic  m a t te r  w as  d e te rm in e d  u s in g  th e  1 N p o ta s s iu m
16
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d ic h ro m a te  (K2 C r 2 0 «y) o x id a tio n  m e th o d . B oth  of th e s e  p a r a m e te r s  
w e re  m e a s u re d  on th e  S p e c tro n ic  20 c o lo r im e te r .
S o il pH w as m e a s u re d  w ith  th e  B e c k m a n -Z e ro m a tic  II pH 
m e te r .  S a lin ity  w as m e a s u re d  by  a  B eck m an  s a l in i ty  m e te r .
M ech an ica l a n a ly s is  of th e  s o i l  w as co n d u c ted  u s in g  th e  
B ouyoucos m e th o d . T e x tu ra l  c la s s e s  fo r  th e  s o il  s a m p le s  w e re  
d e r iv e d  f ro m  th e  s ta n d a rd  te x tu r a l  t r ia n g le s  fo r  s o i ls  (B uckm an and 
B ra d y  1960).
W a te r
C h e m is t ry . M uch of th e  f ie ld  w o rk  conduc ted  d u rin g  th e  
1972 s e a s o n  c e n te re d  a ro u n d  th e  c o lle c tio n  and a n a ly s is  of w a te r  
s a m p le s .  S ix teen  c o lle c tio n  s i t e s  (F ig . 5) w e re  s e le c t iv e ly  ch o sen  
in  th e  s e v e n  m a jo r  w a te r  b o d ie s  of th e  R efuge . T h e se  s i t e s  c o r r e s ­
pond to  th o s e  a r e a s  w h e re  la k e  b o tto m  s o il  s a m p le s  w e re  c o lle c te d  
an d  w h e re  p la n t g ro w th  of s e le c te d  m a c ro p h y te  s p e c ie s  w as 
m o n ito re d .
W a te r  c o lle c tio n s  w e re  m a d e  on a  b iw eek ly  b a s is  f ro m  la te  
M ay to  e a r ly  S e p te m b e r . An a d d itio n a l c o lle c tio n  w as m ad e  in  
O c to b e r  to  d e te rm in e  th e  a f fe c ts  of a u tu m n a l c i rc u la t io n  on th e  w a te r  
c h e m is t ry  of th e  R efuge la k e s .
C o lle c tio n s  w e re  m ad e  a t a p p ro x im a te ly  th e  sa m e  tim e  each  
d ay  to  m in im iz e  v a r ia t io n  due to  d ie l f lu c tu a tio n s . T h e re  is  no doubt
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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th a t  so m e  v a r ia t io n  is  a t t r ib u ta b le  to  d a ily  ch an g es  in  cloud  c o v e r  and 
th e  in c id e n c e  of th e  su n , e s p e c ia l ly  in  th e  d is s o lv e d  g a s e s .
T en  p a r a m e te r s  of w a te r  c h e m is t ry  w e re  s e le c t iv e ly  ch o sen  
on th e  b a s i s  of th e i r  im p o r ta n c e  to  g e n e ra l  b io lo g ic a l p r o c e s s e s .  
A lk a lin ity , pH, d is s o lv e d  oxygen , and  c a rb o n  d iox ide  d e te rm in a tio n s  
w e re  m a d e  im m e d ia te ly  a f t e r  c o lle c tio n  and  th e  r e m a in d e r  of th e  
m e a s u re m e n ts  w e re  m a d e  w ith in  36 h o u rs  of c o lle c tio n  tim e .
H ydrogen  io n  c o n c e n tra t io n s  w e re  d e te rm in e d  w ith  a 
B e ck m an  pH m e te r .  A ll o th e r  m e a s u re m e n ts  w e re  m ade w ith  th e  
H ach M odel D R -E L  p o r ta b le  w a te r  a n a ly s is  la b o ra to ry .
A lk a lin ity  w as d e te rm in e d  b y  th e  s ta n d a rd  su lfu r ic  a c id  
t i t r a t io n  m eth o d  u s in g  b ro m  c r e s o l  g re e n -m e th y l  r e d  in d ic a to r  
so lu tio n  fo r  b ic a rb o n a te  io n s  and  p h en o lp h th a le in  in d ic a to r  so lu tio n  
f o r  c a rb o n a te  io n s . C a lc iu m  and  to ta l  h a rd n e s s  c o n c e n tra tio n s  w e re  
d e te rm in e d  by  th e  ED TA  m eth o d . D isso lv e d  oxygen w as d e te rm in e d  
b y  a  m o d ified  A z id e -W in k le r  m e th o d  w ith  PAO  so lu tio n  being  u sed  in 
th e  d ro p  coun t t i t r a t io n  p ro c e d u re .  T he 1, 10 -p h e n a n th ro lin e  m e th o d  
w as  u se d  to  d e te rm in e  so lu b le  iro n  and  th e  tu rb id im e tr ic  m e th o d  w as 
u se d  to  d e te rm in e  s u lfa te  c o n c e n tra t io n s . P h o sp h a te  w as d e te rm in e d  
u s in g  th e  am m o n iu m  m o ly b d a te  re a g e n t  m e th o d . A m o d ified  
d ia z o tiz a t io n  ( 1  -n a p h th y la m in e -s u lfa n il ic  ac id ) m e th o d  w as u sed  to  
d e te rm in e  in o rg a n ic  n itro g e n . F in a lly , ca rb o n  d io x id e  w as d e t e r ­
m in e d  b y  t i t r a t io n  w ith  so d iu m  h y d ro x id e  w ith  p h en o lp h th a le in
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s o lu tio n  a s  th e  In d ic a to r .
S tre a m flo w . T he p re c ip i ta t io n  p a t te r n  fo r  th e  R efuge w as 
h ig h lig h te d  in  F ig u re  1. In  a n  e f fo r t  to  q u an tify  th e  re la tio n s h ip  
b e tw e en  p re c ip i ta t io n  p a t te r n s  and w a te r  r e c e ip ts  in to  th e  m a rs h , 
in f lu en t r a t e s  d u r in g  th e  1971 s e a s o n  w e re  m o n ito re d  on 19 fe e d e r  
s t r e a m s ,  and  efflu en t w as m o n ito re d  a t the  c o n tro l s t r u c tu r e  a t th e  
w e s t R efuge b o u n d a ry .
S tre a m  d is c h a rg e  w as m e a s u re d  a s  cub ic  fe e t p e r  seco n d  
(cfs) w h e re  d is c h a rg e  e q u a ls  s t r e a m  v e lo c ity  t im e s  the  c r o s s -  
s e c t io n a l  a r e a  of th e  s t r e a m . T he v e lo c ity  w as d e te rm in e d  by  a 
P r i c e  C u r r e n t  M e te r  and  th e  dep th  and  w id th  of th e  s t r e a m  d e t e r ­
m in ed  b y  a y a rd s t ic k  (depth) and  a 5 0 -fo o t m e a s u r in g  tap e  (w idth).
L ak es
M orp h o m e t r y . M o rp h o m e tr ic  m e a s u re m e n ts  of th e  R efuge 
la k e s  follow  th e  p ro c e d u re s  o u tlin ed  b y  R eid  (1961) and H utch inson  
(1957). L ak e  a r e a  w as d e te rm in e d  b y  p la n im e try  f ro m  a e r i a l  p h o to ­
g ra p h s  of th e  R efu g e . L ak e  len g th , d e fin ed  a s  th e  s h o r te s t  d is ta n c e  
th ro u g h  th e  w a te r  o r  on th e  w a te r  s u r fa c e  b e tw een  th e  m o s t d is ta n t 
p o in ts  on th e  la k e  s h o re  (H u tch inson  1957), w as d e te rm in e d  by  d ir e c t  
m e a s u re m e n t f ro m  R efuge  m a p s . L ake  b re a d th  is  defined  as  th e  
le n g th  of a  lin e  f ro m  s h o r e  to  s h o re  cu ttin g  th e  lin e  d e lin e a tin g  la k e
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
22
le n g th  a t  r ig h t  a n g le s  a t  any  p o in t, and  w as m e a s u re d  d ir e c t ly  f ro m  
R efuge  m a p s .
L en g th  of s h o re l in e  w as d e te rm in e d  b y  m e a n s  of a  r o to m e te r .  
S h o re lin e  d ev e lo p m e n t w as d e r iv e d  a s  th e  r a t io  of th e  s h o re lin e  len g th  
to  th e  c i r c u m fe re n c e  of a  c i r c le  h av in g  th e  s a m e  a r e a  a s  th e  la k e  
(R eid  1961). A v e ra g e  and  m a x im u m  d ep th s w e re  d e te rm in e d  f ro m  
1, 126 m e a s u re m e n ts  ta k e n  on th e  R efuge d u r in g  1971 w hen th e  s u b ­
m e rg e d  m a c ro p h y te s  w e re  b e in g  m a p p ed .
O p tic a l p r o p e r t i e s . W a te r  c o lo r  w as m e a s u re d  u s in g  th e  
s ta n d a rd  U. S. G eo lo g ica l S u rv ey  p la tin u m -c o b a lt  u n its , d e te rm in e d  
b y  th e  H ach M odel D R -E L  p o r ta b le  w a te r  a n a ly s is  la b o ra to ry . Due 
to  th e  e x tre m e  c la r i ty  and  sh a llo w n e ss  of th e  la k e s ,  th e  s ta n d a rd  
S e c c h i-d is c ,  t r a n s p a re n c y - m e a s u r e m e n t  cou ld  not be  tak en .
T u rb id ity  m e a s u re d  in  J a c k s o n  T u rb id ity  U n its  (JT U 's )  w as 
d e te rm in e d  by  s p e c tro p h o to m e tr ic  m e th o d s  u s in g  a  fo rm a z in  s ta n d a rd . 
T he H ach  la b o ra to ry  w as  u se d  in  th is  d e te rm in a tio n .
F lu c tu a tio n . S te e l p o s ts  w e re  p e rm a n e n tly  fixed  in  e a ch  
la k e  to  a c t  a s  la k e  le v e l  r e f e r e n c e  p o in ts . C hanges in  each  la k e  le v e l 
w e re  m e a s u re d  d i r e c t ly  f ro m  th e  r e f e r e n c e  p o s ts  w h e re  b a s e l in e  
le v e ls  w e re  c le a r ly  m a rk e d  in  e a r ly  sp r in g .
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V eg e ta tio n
G e o g rap h y . M a te r ia ls  u se d  in  th e  m ap p in g  of su b m e rg e d  
m a c ro p h y te s  in c lu d ed  an  a i r t h r u s t  b o a t, 1 0  1 -g a llo n  p la s t ic  ju g s 
u se d  as  f lo a tin g  m a r k e r s ,  s to p w a tch , m a p s , a s u r v e y o r 's  ro d  to  
m e a s u r e  w a te r  d ep th  and a  l in e -o f - s ig h t  c o m p a ss .
A to ta l  of 1, 126 m ap p in g  p lo ts  w e re  ta k e n  on th e  R efuge.
T he n u m b e r  of s a m p le  p lo ts  ta k e n  in  e a ch  la k e  ran g ed  fro m  20 to  
2 90, depend ing  on i ts  s iz e .
T ra n s e c t  l in e s  w e re  ran d o m ly  lo c a te d  on m a p s  u sin g  a b a s e ­
lin e  tr ia n g u la tio n  m e th o d  w ith  a l in e -o f - s ig h t c o m p a ss , u sing  known 
la n d m a rk s  a s  r e f e r e n c e  p o in ts . T en  s a m p le s  w e re  ta k en  on each  
t r a n s e c t .  Due to  th e  co m p le x ity  of is la n d s  and b ay s  in  th e  R iv e r  
M a rsh , Swan L ak e  and  p a r t s  of L o w er L ak e , th is  tech n iq u e  w as not 
f e a s ib le .  In th o se  a r e a s ,  s a m p le  p lo ts  w e re  s e le c t iv e ly  ch o sen  f ro m  
a e r i a l  p h o to g rap h s  to  g iv e  th e  b e s t  p o s s ib le  c o v e ra g e  of th e  la k e s .
T he a i r th r u s t  b o a t w as  d r iv e n  a long  a t r a n s e c t  lin e  w h ile  th e  
eng ine  w as  o p e ra tin g  a t  a  c o n s ta n t R . P . M. P la s t ic  ju g s w ith  a n c h o rs  
w e re  to s s e d  o v e r  th e  s id e  of th e  b o a t a t  15 seco n d  in te rv a ls ,  m a rk in g  
each  s a m p le  s i te .
A sa m p le  p lo t c o n s is te d  of 1 s q u a re  m e te r  a d ja ce n t to  th e  
f lo a tin g  m a r k e r .  T he p o r tio n  of th e  s a m p le  th a t  co n ta in ed  v eg e ta tio n  
w as  o c u la r ly  e s t im a te d  to  th e  n e a r e s t  5 p e r c e n t .  T h is  e s tim a tio n  is
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
24
syn o n y m o u s w ith  th e  t e r m  " c o v e r"  a s  d e s c r ib e d  b y  S h im w ell (1971) 
and r e p r e s e n t s  th e  p e rc e n ta g e  of th e  la k e  b o tto m  w ith in  th e  1 s q u a re  
m e te r  p lo t th a t  is  o b s c u re d  b y  v e g e ta tio n .
W h e re  v is ib i l i ty  w as  o b sc u re d  b y  tu rb id  w a te r s ,  p la n ts  w e re  
d re d g e d  up w ith  a  p a i r  of sa m p lin g  to n g s . A d ju s tm e n ts  w e re  m ad e  to  
eq u a te  th e  tw o  sa m p lin g  p ro c e d u re s .
S p ec ies  c o m p o s itio n  w ith in  each  s a m p le  w as o c u la r ly  
e s tim a te d  to  th e  n e a r e s t  5 p e rc e n t  and r e c o rd e d  on s p e c ie s  index  
c a rd s .  S p e c ie s  w h ich  c o m p r is e d  l e s s  th a n  5 p e rc e n t  of th e  v e g e ta tio n  
w ith in  th e  s a m p le  p lo t w e re  r e c o rd e d  a s  a  " t r a c e "  on th e  index c a rd s .
T he lo c a tio n  of s a m p le  p lo ts  in  th e  f ie ld  w e re  m a rk e d  on 
e n la rg e d  a e r i a l  pho to  m a p s  and u se d  a s  m a s te r  m ap s f ro m  w hich  
s p e c ie s  d is tr ib u tio n  m a p s  w e re  m a d e .
Z o n a tio n . L ak e  d ep th  w as r e c o rd e d  a t  e a c h  of th e  1 ,1 2 6  
m ap p in g  p lo ts .  The zo n a tio n  of each  s p e c ie s  a c c o rd in g  to  lak e  depth  
w as  d e te rm in e d  by  a v e ra g in g  d ep th s  fo r  a l l  th e  s a m p le  p lo ts  in  w hich  
a p a r t i c u la r  p la n t s p e c ie s  o c c u re d . The m in im u m  and m ax im u m  
r e c o rd e d  d ep th s  fo r  e a c h  p la n t s p e c ie s  c o n s titu te d  zo n a tio n a l ra n g e .
S p a tia l d is t r ib u t io n . T he c la s s i f ic a t io n  of th e  su b m e rg e d  
m a c ro p h y te s  of th e  R efuge  a c c o rd in g  to  th e i r  h o r iz o n ta l  d is tr ib u tio n  
o r  " p a t te rn "  fo llow s th e  s c h e m e  d e v ise d  by  S h im w ell (1971). G e n e ra l 
f ie ld  o b s e rv a tio n s  on th e  g ro w th  h a b its  of ea ch  s p e c ie s  w e re  u se d  to
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p la c e  e a c h  p la n t in  i t s  p r o p e r  c a te g o ry .
C la s s i f ic a t io n  of su b m e rg e d  m a c ro p h y te s  b y  s t r a t i f ic a t io n  
(v e r t ic a l  d is tr ib u tio n )  w as  d e te rm in e d  b y  m e a s u r in g  p la n t h e ig h t w ith  
a m e ta l  s u r v e y o r 's  ro d . P la n t h e ig h t w as m e a s u re d  on m a tu re  p la n ts  
to  av o id  d is c re p a n c ie s  c a u se d  b y  s h o r t ,  im m a tu re  p la n ts .
C o v e ra g e . T he p e rc e n t  c o v e ra g e  of each  p la n t sp e c ie s  
w ith in  th e  1 , 126 m ap p in g  p lo ts  w as o c u la r ly  e s tim a te d  to  th e  n e a re s t  
5 p e rc e n t  w ith  r e c o r d s  b e in g  k ep t fo r  t r a c e  s p e c ie s .  F ro m  th e s e  
v a lu e s , p lan t f re q u e n c y , s p e c ie s  co m p o s itio n , p e rc e n ta g e  of th e  la k e  
b o tto m  v e g e ta te d , and  a c re a g e  c o v e r / s p e c ie s  w e re  com puted .
F re q u e n c y  r e p r e s e n ts  th e  p e rc e n ta g e  of th e  sa m p le s  in  w hich  
a s p e c ie s  o c c u r re d .
F re q u e n c y  = / f W l e s  co n ta in in g  sp p . ^  
to ta l  no. s a m p le s  in  la k e
S p ec ie s  co m p o s itio n  w as b a s e d  on c o v e ra g e  e s t im a te s  in  each  o b s e r ­
v a tio n .
% Spp. C om p. = °-̂  1 spp- la k e  ^  ^gg
su m  of % c o v e ra g e  of a l l  sp p . in  la k e
T he p e rc e n ta g e  of th e  la k e  b o tto m  v e g e ta te d  w as com puted  by  the 
fo llow ing  fo rm u la :
% B ottom  Veg. =.................&.co v e ra g e , ,pf a ll  sa m p les  ^  ^gg
to ta l  no. of s a m p le s  in  la k e
A c re a g e  c o v e r / s p e c ie s  w as d e te rm in e d  as  fo llo w s:
A c re a g e  c o v e r /s p p .  = % b o tto m  veg . X % s p e c ie s  com p.
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A s s o c ia t io n . S p ec ie s  co m p o s itio n  d a ta  c o lle c te d  in  th e  1 ,126  
m app ing  p lo ts  w e re  u se d  to  d e te rm in e  th e  su b m e rg e d  m a c ro p h y te  
so c io lo g y . In d ice s  of jo in t  s p e c ie s  o c c u r re n c e  w e re  c a lc u la te d  u sin g  
th e  m e th o d  d e s c r ib e d  b y  Sw indale  and C u r t is  (1957). The jo in t index 
is  equal to  th e  n u m b e r  of q u a d ra ts  of o c c u rre n c e  of the  le s s  com m on 
s p e c ie s .  The o c c u r re n c e  of th e  l e s s  com m on  s p e c ie s  w as u sed  in  
o r d e r  to  avo id  a  low  jo in t  o c c u r re n c e  index  fo r  tw o s p e c ie s  m e re ly  
b e c a u s e  one o c c u r re d  in fre q u e n tly  (Sw indale and C u r tis  1957).
A xis c o n s tru c tio n  and  o rd in a tio n  p ro c e d u re s  follow  the  
o u tlin e  p r e s e n te d  b y  B ra y  and  C u r t is  (1957).
E n v iro n m e n ta l a n a ly s is . E n v iro n m e n ta l d a ta  fo r  each  p lan t 
s p e c ie s  and each  la k e  w e re  a v e ra g e d  fo llow ing  B e a ls  (1968), and 
d if fe re n c e s  am ong  the  s p e c ie s  and la k e s  w e re  d e te rm in e d  by  s t a t i s ­
t ic a l  a n a ly s is  u s in g  th e  U t e s t  (M ann and W hitney  1947). T e s ts  w e re  
co n d u c ted  a t s ig n if ic a n c e  le v e ls  of .1 0 , .0 5  and .0 1 .
N u tr itio n a l a n a ly s is . N u tr ie n t a n a ly s e s  of su b m e rg e d  
m a c ro p h y te s  w e re  co n d u c ted  by  th e  C h e m is try  S ta tio n  a t M ontana 
S ta te  U n iv e rs ity , B o zem an . A n a ly tic a l p ro c e d u re s  follow  th e  O ffic ia l 
M ethods of A n a ly s is  of th e  A s s o c ia tio n  of O ffic ia l A n a ly tica l C h e m is ts  
(1965).
C ru d e  fa t  w as d e te rm in e d  by  th e  an h y d ro u s  e th e r  e x tra c tio n  
m e th o d . P e r c e n t  m o is tu re  w as d e te rm in e d  by  oven d ry in g  p lan t
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m a t te r  a t  95 -1 0 0 °C  fo r  5 h o u rs  a t  p r e s s u r e s  not o v e r  100 m m  llg . 
C ru d e  f ib e r  w as m e a s u re d  a s  th e  lo s s  in  b io m a s s  follow ing ig n itio n  of 
d r ie d  p la n t r e s id u e  a f te r  d ig e s tio n  of th e  o r ig in a l  s a m p le  w ith  1 .2  5% 
H2 SO4  and  1 .25%  NaOH. P la n t  p ro te in  w as d e te rm in e d  b y  th e  
K je ld ah l m e th o d . P h o sp h o ru s  w as d e te rm in e d  b y  th e  p h o to m e tr ic - 
am m o n iu m  m o ly b d a te -h y d ro q u in o n e -so d iu m  s u lf i te  m e thod . C a lc iu m  
w as d e te rm in e d  b y  ig n itio n  of p la n t m a t te r  a t  500 -550°C , p r e c ip i ­
ta tio n  w ith  (NH4 )2 C 2 0 ^ and t i t r a t io n  w ith  0 .0 5  N KMnO^.
G row th  r a te s  and p h en o lo g y . B e c a u se  of th e  la rg e  n u m b e r of 
su b m e rg e d  m a c ro p h y te  s p e c ie s  on th e  R efuge and o th e r  tim e  -co n su m in g  
f ie ld  c o m m itm e n ts , g ro w th  r a t e s  and  pheno logy  w e re  m o n ito re d  on 
on ly  e ig h t s p e c ie s .  T h e se  s p e c ie s  w e re  s e le c t iv e ly  ch o sen  b e c a u s e  of 
th e i r  g e n e ra l  R e fu g e -w id e  ab u n d an ce . M o n ito rin g  s i te s  w e re  sy n o n y ­
m ous w ith  th e  w a te r  and s o i l  c o lle c tio n  s i t e s  in  F ig u re  4.
G row th  r a te s  w e re  d e te rm in e d  b y  m o n ito rin g  changes in  w et 
w eig h t b io m a s s  th ro u g h o u t th e  g ro w in g  s e a s o n . P la n ts  ex h ib itin g  a 
c lo se d  o r  m a tte d  g ro w th  fo rm  w e re  sa m p le d  b y  1  f t. ^ sa m p lin g  to n g s 
a s  d e s c r ib e d  by  W e b s te r  (1965). D is p e rs e d  p la n ts  w e re  ra n d o m ly  
h a rv e s te d  b y  c lip p in g  a t  th e  s u b s t r a te  le v e l.  B io m a ss  w as d e te rm in e d  
b y  a  1, 000 g ra m  d ie te t ic  s c a le .  P la n t  pheno logy  w as d e te rm in e d  by 
d i r e c t  f ie ld  o b se rv a tio n .
S in ce  R efuge p e r s o n n e l  h av e  b e e n  in v o lv ed  an n u a lly  in th e
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e s tim a tio n  of a q u a tic  p la n t p ro d u c tio n  on a p e r  a c r e  s tan d in g  c ro p  
b a s i s ,  p ro d u c tiv ity  e s t im a te s  w e re  no t d e te rm in e d  in  th is  in v e s tig a tio n  
to  av o id  red u n d an c y  of f ie ld  w o rk . No a t te m p ts  w e re  m ad e  to  p la c e  
th e  m o n ito re d  s ta n d s  in  e n c lo s u re s  s o  h e rb iv o ry  b y  w a te rfo w l a ffec ted  
b io m a s s  d e te rm in a t io n s .
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C h a p te r  IV 
RESU LTS AND DISCUSSION
G eology
T he im p o r ta n c e  of p a r e n t  g eo lo g ic  m a te r ia l  to  p la n t c o m ­
m u n itie s  is  o b v io u s. In aq u a tic  m a c ro p h y te  c o m m u n itie s  th is  
im p o r ta n c e  is  tw ofo ld . F i r s t ,  th e  su rro u n d in g  g eo lo g ic  s t r a t a  
d e te rm in e , to  a  g r e a t  e x te n t, th e  c h e m ic a l and  p h y s ic a l p ro p e r t ie s  of 
th e  s o i ls  upon w hich  th e  p la n ts  g row . Second , th e  p a re n t  geo log ic  
m a te r ia l  m a n ife s ts  m an y  d i r e c t  c h e m ic a l and  p h y s ic a l in flu en ces  on 
th e  w a te r  in  w h ich  th e s e  p la n ts  g row .
In  te r m s  of s t r e a m  flow and  g eo lo g ic  s t r a t a ,  th e  w a te rs h e d  
of th e  R efuge  is  ro u g h ly  d iv is ib le  in to  th r e e  a r e a s .  F i r s t ,  C u lv e r , 
W idgeon and  M acD onald  ponds and  Swan L ak e  d e r iv e  th e i r  w a te r  f ro m  
s p r in g s  flow ing f ro m  P re c a m b r ia n  m e ta m o rp h o se d  l im e s to n e s . The 
c a rb o n a te  n a tu re  of th e s e  m e ta m o rp h ic s  p la y s  an  im p o rta n t ro le  in  
m a in ta in in g  th e  h igh  le v e ls  of to ta l  w a te r  h a rd n e s s  and b ic a rb o n a te  
ion  a lk a lin ity  in  th e s e  w a te r s .  T he g ro u n d -w a te r  f i l te r in g  p r o p e r t ie s  
of th is  l im e s to n e  a q u ife r  ac co u n t fo r  th e  r e m a rk a b le  c l a r i ty  of th e s e  
s p r in g - fe d  b o d ie s  of w a te r .
S econd , U p p er L ak e  d e r iv e s  i ts  w a te r  f ro m  s t r e a m s
29
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o r ig in a tin g  in  A la sk a  B a s in  and  th e  C e n ten n ia l e s c a rp m e n t w hich  a r e  
d o m in a ted  in  th e  a r e a  of th e i r  h e a d w a te rs  by  s e d im e n ta ry  l im e s to n e s , 
s i l t s to n e s ,  and  s a n d s to n e s . S ince th e  b u lk  of th e  in fluen t in to  th is  
la k e  is  s u r f a c e  ru n -o f f .  U p p er L ak e  r e c e iv e s  la r g e  s i l t  lo a d s  each  
ÿ e a r  f ro m  th e  e a s i ly  d eco m p o sed  s e d im e n ta ry  s t r a t a .
T h ird , L o w er L ak e  r e c e iv e s  its  w a te r  f ro m  th e  Mt. B aldy  
d ra in a g e  w h ich  i s  d o m in a te d  b y  T e r t i a r y  v o lc a n ic  ro c k s . S ince 
ig n eo u s ro c k s  a r e  g e n e ra l ly  m o re  r e s i s t a n t  to  w e a th e r in g  th an  s e d i ­
m e n ta ry  ro c k s ,  th e  in f lu en t in to  L o w er L ak e  c a r r i e s  le s s  s i l t  and 
co n seq u en tly  th e  la k e  i s  m u ch  c l e a r e r  th a n  U p p er L ake  w h e re  s i l ta t io n  
r a te s  a r e  h igh .
S o ils
Soil g e n e s is  is  d ep en d en t upon th e  in te ra c t io n s  of p a re n t 
m a te r ia l ,  v e g e ta tio n a l and  b io lo g ic a l in f lu e n c e s , c l im a te , to p o g rap h y , 
and  t im e . A s w ould b e  ex p e c te d , th e  up land  s o i l s  of th e  R efuge 
r e f le c t ,  to  a  g r e a t  ex ten t, th e  c h e m ic a l and  p h y s ic a l n a tu re  of th e  
g eo lo g ic  s t r a t a  in  th e  n e a rb y  C e n te n n ia l M oun ta in s.
T he c h e m ic a l a n a ly s e s  of th e  la k e -b o tto m  se d im e n ts  of th e  
R efuge a r e  s u m m a r iz e d  in  A ppendix  II. A c lo s e r  lo o k  a t th e  c h e m ic a l 
n a tu re  of th e s e  s o i l s  w ill  sh e d  lig h t on p o s s ib le  m e c h a n is m s  re g u la tin g  
th e  d is t r ib u t io n  and ab u n d an ce  of a q u a tic  m a c ro p h y te s .
C la s s i f ic a t io n . T he la k e  b o tto m  s o i l s  b e lo n g  to  th e  s o i l
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o r d e r  H is to so l, i .  e . , th o s e  s o i ls  w h ich  a r e  h igh  in  o rg an ic  m a tte r .  
T h e se  s o i ls  a r e  a ls o  lo o s e ly  known a s  h y d ro s o ils  due to  th e ir  p r e ­
d o m in a tin g  a q u a tic  en v iro n m e n t.
D ue to  th e  h e rb a c e o u s  n a tu re  of th e  o rg a n ic  m a t te r  in th e  
la k e  s o i l s ,  and th e r e fo r e  a  la c k  of w oody t i s s u e ,  th e s e  H is to so ls  a r e  
m o re  s p e c if ic a l ly  know n a s  m u ck  s o i l s .  M uck s o ils  a r e  c h a ra c te r iz e d  
by  th e  fa c t  th a t th e  o r ig in a l  p la n t t i s s u e  in  th e  o rg a n ic  m a t te r  f ra c t io n  
is  in d is tin g u ish a b le .
T e x tu re . S o il te x tu re  ra n g e d  f ro m  s i l ty  c la y  lo am  to  san d y  
c la y  lo a m  b u t m o s t  of th e  la k e  s o i ls  a r e  c lay s  o r  c la y  lo a m s . S am p les  
c o lle c te d  f ro m  th e  ponds w e re  n o tic e a b ly  lo w e r  in  p e rc e n ta g e  of s i l t  
th an  s o i l s  f ro m  th e  m a r s h  p r o p e r .  T he h igh  p e rc e n ta g e  of s i l t  in  th e  
s o i ls  of th e  m a r s h  p r o p e r  is  a t tr ib u ta b le  to  th e  f a c t  th a t m o s t of the  
in flu en t e n te r in g  th e  m a r s h  i s  s i l t - l a d e n  ru n o ff w a te r ,  w h e re a s  th e  
ponds a r e  s p r in g  fed .
O rg a n ic  m a t te r .  B y co n v en tio n , s o i ls  th a t have an  o rg a n ic  
m a t te r  f r a c t io n  in  e x c e s s  of 20 p e r c e n t  a r e  te rm e d  m uck . S e v e ra l 
of th e  a n a ly z e d  s a m p le s  f a l l  w ith in  o r  v e r y  c lo s e  to  th is  c a te g o ry .
S o ils  co n ta in in g  10-15  p e r c e n t  o rg a n ic  m a t te r  h av e  th e i r  te x tu ra l  
c la s s i f ic a t io n  p re f ix e d  b y  th e  t e r m  "m u ck y , " e . g . , m ucky  lo a m , 
m u c k y  c la y . O nly s a m p le s  ta k e n  in  C u lv e r  P ond  and U pper L ake 
a r e  ex c lu d ed  f ro m  th is  b ro a d  c la s s i f ic a t io n .
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T he h ig h  am o u n ts  of o rg a n ic  m a t te r  found in  th e  la k e -b o tto m  
s o i ls  a r e  a s s o c ia te d  w ith  th e  a n a e ro b ic  co n d itio n s  w h ich  p e r s i s t  th e re . 
U nder su c h  c o n d itio n s , an n u a l d e t r i tu s  a c c u m u la tio n  u su a lly  ex ceed s  
th e  d e c o m p o s itio n  r a t e s  of a n a e ro b ic  b a c te r ia .
O rg a n ic  m a t te r  im p a r ts  m an y  im p o r ta n t c h e m ic a l and  p h y s ­
ic a l  p r o p e r t ie s  to  th e  la k e -b o tto m  s o i l s .  T he ca tio n  exchange 
ca p a c ity  of o rg a n ic  m a t te r  is  q u ite  h igh  (200-400 m il l ie q u iv a le n ts /
100 g ra m s  of so il)  (H a u se n b u ille r  1972). S ince th e  o rg an ic  m a t te r  
h o ld s a  la rg e  n u m b e r  of io n s  in  a v a ila b le  fo rm . R efuge s o ils  a r e  
p ro te c te d  f ro m  d r a s t i c  ch an g es  in  pH; i .  e . , th e y  a r e  s tro n g ly  
b u ffe re d .
O rg an ic  m a t te r  a id s  g r e a t ly  in  m a in ta in in g  and enhancing  
s o i l  f e r t i l i ty .  O rg a n ic  m a t te r  co n ta in s  95 p e rc e n t  of to ta l  s o i l  
n itro g e n , 60 p e rc e n t  s o i l  p h o sp h o ru s , and  80 p e rc e n t  s o i l  su lp h u r  in  
m o s t s o i ls  (H a u se n b u ille r  1972). O rg a n ic  m a t te r  a ls o  s e rv e s  a s  a 
c h e la tin g  a g e n t fo r  m ic ro n u tr ie n ts  th u s  m ak in g  th e m  m o re  a v a ila b le  
in  th e  s o i l  and  le s s  l ik e ly  to  le a c h  aw ay .
F in a lly , o rg a n ic  m a t te r  a id s  in  m a in ta in in g  s ta b le  s o i l  
s t r u c tu r e .  O rg a n ic  c o llo id s  a c t  a s  fo c i fo r  th e  f lo c c u la tio n  of d i s ­
p e r s e d  s o i l  p a r t ic le s .  T h u s, th e  o rg a n ic  n a tu re  of th e  la k e -b o tto m  
s o i l s  is  a b e n e f ic ia l  c h a r a c te r i s t i c  s o  long  a s  th e  p e rc e n ta g e  of 
o rg a n ic  m a t te r  d o es  n o t r e a c h  le v e ls  h igh  enough to  m ak e  th e  w a te r  
a c id  an d  th u s  a l t e r  th e  in te g r i ty  of th e  su b m e rg e d  m a c ro p h y te
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c o m m u n itie s .
P h o s p h o ru s . W ith  th e  c lo s e  p ro x im ity  of th e  p h o s p h a te - r ic h  
P h o sp h o ria  fo rm a tio n  in  th e  C e n ten n ia l M oun ta in s, th e  Refuge l ie s  in  
a p h o s p h a te - r ic h  w a te rs h e d . Y et, ch e m ic a l a n a ly s is  r e v e a ls  a 
p a u c ity  of ex ch an g eab le  p h o sp h o ru s  in  th e  R efuge s o ils .
T he s c a r c i ty  of a v a ila b le  p h o sp h o ru s  is  due to  i ts  s tro n g  
te n d en cy  to  fo rm  in so lu b le  com pounds w ith  ca lc iu m  u n d er a lk a lin e  
co n d itio n s . U nder th e  h igh  c a lc iu m  re g im e  of th e  R efuge, m o s t 
p h o sp h o ru s  e n te r in g  th e  s y s te m  f ro m  th e  su rro u n d in g  w a te rs h e d  is  
tie d  up in  in so lu b le  m o n o - , d i - ,  t r i - ,  and o c ta c a lc iu m  p h o sp h a te s , 
th u s  m ak in g  th e m  u n a v a ila b le  to  a q u a tic  m a c ro p h y te s  fo r  m e tab o lic  
p r o c e s s e s .
T h e se  p h o sp h a te s  w ill  b eco m e  a v a ila b le  on ly  a f te r  a 
re d u c tio n  in  s o i l  pH to  a  ra n g e  of 6 . 0 -7 . 0 w h e re  p h o sp h o ru s  a v a i l ­
a b i l i ty  i s  m ax im u m . T h is  is  u n lik e ly , h o w ev e r, due to  th e  h igh ly  
b u ffe re d  co n d itio n s of th e  R efuge s o i l s .
A t th e  pH ra n g e  of th e  R efuge s o i ls  so lu b le  in o rg an ic  
p h o sp h o ru s  o c c u rs  in  tw o ion ic  fo rm s : H2 P O 4 " ( 2 0  p e rc e n t  of th e  
to ta l  P ) and  HPO^~ (80 p e rc e n t  of to ta l  P ) (H au sen b u ille r  1972).
T h is  so lu b le  p h o sp h o ru s  r a r e ly  ex ceed s  c o n c e n tra tio n s  of 1 ppm  due 
to  f ix a tio n  b y  c a lc iu m . B oth  io n ic  fo rm s  c a n  b e  u til iz e d  b y  p la n ts .
It is  in te re s t in g  to  no te  th a t th e  h ig h e s t p h o sp h a te
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c o n c e n tra tio n  m e a s u re d  on th e  R efuge w as  f ro m  a  sa m p le  co lle c ted  
a t th e  m o u th  of O dell C re e k , w hich  d ra in s  th e  a r e a  of th e  now defunct 
J .  R. S im plo t, o p e n -p it p h o sp h a te  jn in e .  In a l l  lik e lih o o d , p h o sp h a tes  
a r e  e n te r in g  th e  L o w er L ake  f ro m  th e  a r e a  of th e  m in e .
P h o sp h o ru s  is  p ro b a b ly  a l im itin g  fa c to r  fo r  su b m e rg e d  
m a c ro p h y te  g ro w th . In  fa c t , nex t to  n itro g e n , p h o sp h o ru s  is  the 
m o s t w id e ly  d e f ic ie n t n u tr ie n t  in  m o s t p la n t co m m u n itie s  (H au sen ­
b u i l le r  1972).
C a lc iu m . A ll of th e  la k e  so ils  an a ly zed  a r e  h igh ly  
c a lc a re o u s .  T h is  h ig h  c a lc iu m  co n ten t is  a s s o c ia te d  w ith  th e  e x te n ­
s iv e  fo rm a tio n  of m a r l  (CaCOg) in  a l l  th e  R efuge la k e s .  In th e  
C e n ten n ia l V alley  m o s t  of th e  c a lc iu m  is  d e r iv e d  f ro m  se c o n d a ry  
m in e ra ls  su ch  a s  c a lc i te  and  d o lo m ite  w h ich  a r e  p re v a le n t in the 
l im e s to n e s  of th e  C e n te n n ia l M oun ta ins.
C a lc iu m  is  an  e x c e lle n t s o i l  b u ffe r . A t h igh  c a lc iu m  le v e ls ,  
th e  s o i l  pH is  h e ld  a t in te rm e d ia te  le v e ls  (7. 0 -8 . 2). T h is  s itu a tio n  
is  d e s i r a b le  due to  th e  f a c t  th a t  o th e r  n u tr ie n ts  a r e  u su a lly  m o re  
a v a ila b le  a t  th e s e  in te rm e d ia te  r a n g e s .
C a lc iu m  is  b e n e f ic ia l  in  th e  m a in te n a n c e  of s ta b le  s o i l  
s t r u c tu r e .  T he p r e s e n c e  of c a lc iu m  en h an ces  th e  co llo id a l f lo c c u la ­
tio n  of d is p e r s e d  s o i l  p a r t i c le s ,  th u s  re d u c in g  tu rb id ity  h a z a rd s .
In c a lc a re o u s  s o i l s ,  c a lc iu m  is  ab u n d an tly  a v a ila b le  due to
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th e  e a s e  w ith  w h ich  lim e  d is s o lv e s  in  th e  a c id ic  re g io n  of the  p lan t 
ro o t.  T h e re fo re ,  c a lc iu m  can  no t b e  c o n s id e re d  a  d e fic ien t p lan t 
n u tr ie n t in  th e  R efuge la k e s .
M a g n es iu m . T he a n a ly z e d  la k e -b o tto m  s o ils  a r e  h igh  in  
ex ch an g eab le  m a g n e s iu m . T he a v e ra g e  c o n c e n tra tio n  ex ceed s  
1000 p p m . T he la rg e  p ro p o r t io n  of ex ch an g eab le  m ag n es iu m  is  due 
p r im a r i ly  to  th e  la r g e  c a tio n  exchange c a p a c ity  of o rg an ic  s o i l s .  The 
s e c o n d a ry  m in e ra l  d o lo m ite , w h ich  i s  p re v a le n t in  th e  lo c a l l im e ­
s to n e s , i s  p ro b a b ly  a  p r im a r y  s o u rc e  of m a g n e s iu m .
M ag n esiu m  is  l e s s  e a s i ly  le a c h e d  f ro m  th e  s o il  th an  ca lc iu m  
and th e re fo re  p r e s e n ts  le s s  of a  p ro b le m  to  p la n t n u tr itio n . S ince 
m a g n e s iu m  a v a ila b il i ty  i s  h ig h e s t b e tw een  pH ra n g e s  of 6 . 0 -8 . 5 
(B uckm an  and  B ra d y  1968), th is  n u tr ie n t p r e s e n ts  no d r a s t ic  p ro b le m  
to  a q u a tic  m a c ro p h y te s  in  te r m s  of d e f ic ie n c ie s . L ike ca lc iu m , 
m a g n e s iu m  is  im p o r ta n t in  s o i l  f lo c c u la tio n .
P o ta s s iu m . P o ta s s iu m  is  m o s t abundan t in  m in e ra ls  su c h  
a s  m ic a s ,  f e ld s p a r s ,  and  i l l i te ;  th e  l a t t e r  is  com m on  in  m a r in e  
d e p o s its  su c h  a s  th o se  found in  th e  C e n ten n ia l M oun ta ins. P o ta s s iu m  
o c c u rs  in  l e s s e r  c o n c e n tra tio n s  th a n  c a lc iu m  and  m a g n e s iu m , bu t is  
u se d  in  g r e a t e r  am o u n ts  b y  p la n ts  so  i t  is  th e re fo re  an  im p o r ta n t 
p la n t n u tr ie n t .  I t is  n ex t to  n itro g e n  and  p h o sp h o ru s  in  being  th e  
m o s t  co m m o n ly  d e f ic ie n t s o i l  n u tr ie n t .
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L ak e  s o i ls  a r e  r ic h  in  p o ta s s iu m  in  c o m p a r iso n  to  m o s t 
up land  m in e r a l  s o i l s .  U sing  th e  f ig u re  of 1. 7 p e rc e n t  fo r  th e  to ta l 
p o ta s s iu m  co n ten t of m in e r a l  s o i l s  (B uckm an and B ra d y  1968), and 
a v a ila b il i ty  of 1  p e r c e n t ,  th e  a v e ra g e  a v a ila b le  p o ta s s iu m  c o n c e n tr a ­
tio n  fo r  m in e ra l  s o i ls  i s  170 ppm . A ll R efuge s o i l s  ex ceed ed  th is  
c o n c e n tra tio n  and  m an y  c o n ta in e d  tw ic e  th is  a v e ra g e  am oun t.
T he h igh  am o u n ts  of p o ta s s iu m  in  the  la k e  s o ils  a p p e a r  to  be  
due to  th r e e  p h en o m en a . F i r s t ,  s in c e  90 p e r c e n t  of th e  a v a ila b le  
p o ta s s iu m  is  a s s o c ia te d  w ith  s o i l  c o llo id s , i t  a p p e a r s  th a t th e s e  h igh  
c o n c e n tra tio n s  can  b e  a t t r ib u ta b le  to  th e  h ig h  c o llo id a l f r a c t io n  of 
m u ck  s o i l s .  S econd, l im e  i s  cap ab le  of fix in g  p o ta s s iu m , th e re b y  
re d u c in g  le a c h in g  lo s s e s .  T h ird , p o ta s s iu m  is  m o s t a v a ila b le  a t  pH 
re g im e s  g r e a te r  th a n  6 . 0, w h ich  w ould  in c lu d e  a l l  of th e  R efuge la k e  
b o tto m s . T he h ig h  c o n c e n tra t io n s  of p o ta s s iu m  in  th e  la k e  s o ils  
w ould  in d ic a te  th a t th is  n u tr ie n t  is  not l im itin g  o r  d e f ic ie n t.
I ro n . I ro n  is  th e  m o s t  ab u n d an t m ic ro n u tr ie n t  found in  s o i ls  
w ith  to ta l  c o n c e n tra tio n s  o ften  re a c h in g  5 p e rc e n t  of th e  so il co n ten t. 
A s w ith  o th e r  n u tr ie n ts ,  a v a ila b il i ty  i s  th e  c r i t i c a l  f a c to r  r e g a rd in g  
s o i l  iro n .
I ro n  in  th e  s o i l  o c c u rs  in  tw o v a le n c e  s ta te s ,  th e  ox id ized  
f e r r i c  io n  (F e ^ "^ )  and  th e  re d u c e d  f e r r o u s  ion  (F e^^); the  l a t t e r  is  
th e  m o re  so lu b le  of th e  tw o . U n d er w e ll o x id ized  co n d itio n s , th e
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f e r r i e  io n  is  p re v a le n t  in  th e  s o i ls  and  le n d s  th e  ty p ic a l re d , yellow , 
o r  re d d is h -b ro w n  c o lo r  to  th e  s o i l .  C o n v e rse ly , u n d e r  a w a te rlo g g ed  
and  a n a e ro b ic  r e g im e , th e  re d u c e d  f e r r o u s  ion  p r e v a i ls  and  le n d s  a 
b lu e  o r  g ra y is h  c o lo r  to  th e  s o i l .  B o th  th e  o x id ized  and re d u ce d  
co n d itio n s  w e re  found in  th e  s o i ls  of th e  R efuge la k e s .
U n d er co n d itio n s  of h ig h  o rg a n ic  m a t te r ,  su c h  as th o se  
found in  th e  m u ck  s o i l s  of th e  R efuge  la k e s ,  m uch  of th e  a v a ila b le  
s o i l  i r o n  b e c o m e s  c h e la te d , i. e . , a tta c h e d  to  o rg a n ic  an io n s .
C h e la te d  iro n  r e m a in s  in  s o lu tio n  a t  h ig h e r  pH th an  do in o rg a n ic  
io n ic  fo rm s  and a r e  th e r e fo r e  h e ld  in  a v a ila b le  fo rm  fo r  p lan t 
n u tr i t io n .
D ata  p r e s e n te d  b y  B e a r  (1964) and  Cook and P o w e rs  (1958) 
in d ic a te  th a t  e x t ra c ta b le  iro n  f ro m  f r e e ly - d ra in e d ,  up land , s u r f a c e -  
s o i l s  o c c u rs  in  th e  r a n g e  of 2 0 -5 0  ppm . In e v e ry  c a s e ,  iro n  c o n c en ­
t r a t io n s  in  la k e  s o ils  of th e  R efuge  ex ceed ed  th e  m ag n itu d e  of th e s e  
f ig u re s  b y  a s  m u ch  a s  th r e e  t im e s .  T he h igh  iro n  c o n c e n tra tio n  of 
th e  la k e s  can  b e  ex p la in ed  b y  tw o  in te ra c t in g  phen o m en a , p re v a le n t 
iro n  ch e la tio n  in  m u ck  s o i l s ,  and  th e  re d u c tio n  of i ro n  to  th e  so lu b le  
f e r r o u s  s ta te  u n d e r  th e  w a te r lo g g e d , a n a e ro b ic  en v iro n m e n t of the  
la k e  b o tto m . T h e se  p h en o m en a  a r e  su p p o r te d  b y  d a ta  c o lle c te d  by 
C ook an d  P o w e rs  (1958) w ho show ed  th a t a v a ila b le  i r o n  c o n c e n tra tio n s  
in  u p lan d  s o ils  in c r e a s e d  a s  m u ch  a s  s ix  t im e s  a f te r  b e in g  inunda ted  
b y  m a n -m a d e  r e s e r v o i r s  and  s to c k  p o n d s .
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M a n g a n e se . M a n g an ese  o c c u rs  a s  th e  o x id ized  and in so lu b le  
m an g an ic  ion  (Mn’̂ '^) o r  th e  re d u c e d  and so lu b le  m anganous ion 
(M n^^). T he am o u n t of a v a ila b le  m a n g a n e se  in th e  s o i l  Is dependen t 
upon s e v e r a l  in te ra c t in g  p h en o m en a .
A s pH in c r e a s e s ,  m a n g a n e se  a v a ila b il i ty  d e c r e a s e s ,  
e s p e c ia l ly  w hen  pH ex c ee d s  7. 0. U n d er th e s e  a lk a lin e  co n d itio n s , 
th e  m a n g an ic  ion  p r e v a i ls  and  is  r e a d i ly  p re c ip i ta te d  a s  h ig h ly  
in so lu b le  M n02- M a n g an ese  d e f ic ie n c ie s  w ould b e  ex p ec ted  u n d e r 
th e  a lk a lin e  co n d itio n s  of th e  la k e  so ils ;  h o w ev e r, m a n g an ese  is  
s tro n g ly  c h e la te d  to  o rg a n ic  m a t te r  and  i t  is  th e re fo r e  held  in  a v a i l ­
ab le  fo rm  r a th e r  th a n  b e in g  p re c ip i ta te d  in  u n a v a ila b le  fo rm s .
It is  th e r e fo r e  no t s u r p r i s in g  th a t th e  la k e  s o ils  a r e  not 
d e f ic ie n t in  m a n g a n e se . M an g an ese  c o n c e n tra tio n s  of la k e  s o ils  
(26-27  ppm ) fa ll  e x a c tly  w ith in  th e  ra n g e  w hich  B e a r  (1964) d e s c r ib e s  
a s  a n  a v e ra g e  f ig u re  f o r  "h e a lth y "  s o i l s .
S a lin ity . L ak e  s o i l s  ra n g e d  in  s a l in i ty  f ro m  1 .5  to  4 . 0 
m m h o s w hich  w ould c la s s i fy  th e m  a s  on ly  m o d e ra te ly  s a lty . S ince 
th e  la k e  s o i l s  a r e  no t e x c ee d in g ly  s a l ty  and  due to  th e  abundance  of 
d ilu tin g  w a te r ,  s a l in i ty  is  no t a  c r i t i c a l  f a c to r  in  th e  la k e  s o i ls  and 
is  n o t of su ff ic ie n t m a g n itu d e  to  be  d e t r im e n ta l  to  th e  aq u a tic  p lan t 
c o m m u n itie s .
S od ium . T he la k e  s o i l s  a r e  low  in  so d iu m  w ith  m o s t of th e
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s a m p le s  fa l l in g  below  1 ,0  m il l ie q u iv a le n t  (230 ppm ). U nder  su ch  
co n d it io n s ,  so d iu m  is  not c r i t i c a l  in  t e r m s  of l im it in g  p la n t  d i s t r i ­
bu tion .
G e n e ra l  c h a r a c t e r i s t i c s . T he  a n a ly z e d  la k e  s o i l s  be long  to  
th e  s o i l  o r d e r  H is to s o l  w h ich  a r e  ty p ic a l ly  h igh  in  o rg a n ic  m a t t e r .  
S p ec if ic a l ly ,  th e y  a r e  m u c k  s o i l s ,  i,  e , , s o i l s  in  w h ich  the  o r ig in a l  
p lan t t i s s u e  in  th e  o rg a n ic  m a t t e r  f r a c t io n  i s  in d is t in g u is h a b le .  Soil 
t e x tu r e  r a n g e s  f ro m  s i l t y  c la y  lo a m  to  sa n d y  c la y  lo a m  bu t m o s t  of 
th e  la k e  s o i l s  a r e  c la y s  o r  c la y  lo a m s .
L ak e  s o i l s  a r e  h ig h ly  c a lc a r e o u s  and m o d e ra te ly  a lk a l in e .  
T h e se  s o i l s  a r e  s u r p r i s in g ly  r i c h  in  m a g n e s iu m , p o ta s s iu m , i ro n ,  
and c a lc iu m . A v a ila b le  p h o sp h o ru s  is  q u ite  d e f ic ie n t  in th e s e  s o i l s ,  
bu t th is  phen o m en o n  is  no t un ique  to  th e  R efuge a r e a .  N itro g en  
a v a i la b i l i ty  w as  not m e a s u r e d ,  b u t due to  th e  h igh  o rg a n ic  f r a c t io n  in  
th e  s o i l ,  i t s  h igh  c o n c e n tr a t io n  c a n  b e  p r e d ic te d .  M an g an ese  is  
n e i th e r  d e f ic ie n t  n o r  o v e r ly  ab u n d an t b u t w e l l  w ith in  th e  r a n g e  of 
"h e a lth y "  s o i l s .  F in a l ly ,  la k e  s o i l s  a r e  m o d e ra te ly  s a l in e  and  low 
in  so d iu m , n e i th e r  of w h ic h  p r e s e n t  any  d r a s t i c  p r o b le m s  in  l im i t in g  
a q u a tic  p la n t  s p e c ie s .
W a te r s h e d
D e sp i te  th e  r e m o te n e s s  of th e  C e n te n n ia l  V alley  and i ts  
i s o la t io n  f ro m  l a r g e  p o p u la t io n  c e n t e r s ,  th e  R efuge  w a te r s h e d  i s  not
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u n d is tu rb e d .
D ir t  ro a d s  h av e  b e e n  cu t in  th e  V alley  f lo o r  a long the  n o r th ,  
so u th , and e a s t  s id e s  of th e  R efuge. A s in g le  e a s t - w e s t  ro a d  b is e c ts  
th e  f lo o r  of A la sk a  B a s in .
T he  only  r e c e n t ,  l a r g e - s c a l e  m in in g  a c t iv i ty  in  th e  a r e a  w as 
co n duc ted  in  th e  O dell  C r e e k  d ra in a g e  (Section  33, R lW , T14S) by  the 
J .  R . S im plo t C om pany  of Idaho. In 1958, th e  S im plo t Com pany b egan  
m in in g  p h o sp h a te  ro c k  f r o m  th e  P e r m ia n  P h o s p h o r ia  fo rm a t io n  by 
o p e n -p i t  m e th o d s  ( C r e s s m a n  and Sw anson 1960). The o p e ra t io n  w as  
no t con tinued  in  1959.
C l e a r - c u t  logg ing  and  th e  n u m e ro u s  sk id  t r a i l s  and logging 
ro a d s  a s s o c ia te d  w ith  th e m  o c c u r  in  S ec tio n s  19 and 20 (R2W, T14S) 
so u th  of L o w e r  L ak e . C l e a r  c u ts  a l s o  o c c u r  in  S ec tio n s  21, 22, 28, 
and 2 9 (R lE ,  T14S) in  th e  A la sk a  B a s in  d ra in a g e .  In add ition  to  th e se  
m a n -m a d e  d is tu rb a n c e s ,  n a tu r a l  c a ta s t r o p h e s ,  in th e  f o rm  of m a s s iv e  
r o c k  s l id e s  and a v a la n c h e s ,  a r e  f re q u e n t  in  S ec tions  25, 26, 27, 28, 
and  29 (R lW , T14S) so u th  of U p p e r  L ak e . T he effec t of a l l  th e s e  
d is tu rb a n c e s  on s t r e a m  flow and th e  p h y s ic a l  and c h e m ic a l  p r o p e r t i e s  
of R efuge  w a te r s  is  unknown, bu t c e r t a in ly  in  so m e  a r e a s  th e y  have 
c o n tr ib u te d  to  th e  s l l t a t io n  of lo c a l  s t r e a m s .
The p o s s ib i l i ty  of fu tu re  d is tu rb a n c e  in  th e  C en ten n ia l  V alley  
i s  u n c e r ta in ,  h o w ev e r ,  S ch o lten  (1967) s u r m is e d  th a t  the  a r e a  could 
co n c e iv a b ly  have  a  p o te n t ia l  f o r  o il  d e v e lo p m e n t.
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S tre a m  Flow
A ppendix III s u m m a r i z e s  th e  s t r e a m  d is c h a r g e  da ta  fo r  the 
1971 s e a s o n .  T he g e n e r a l  p a t t e r n  is  a d ec lin e  in to ta l  Influent and 
e ffluen t d u r in g  th e  s u m m e r  m on ths  f ro m  th e  Ju n e  m a x im u m  (F ig . 6 ). 
T h is  is  to  b e  ex p e c te d  c o n s id e r in g  th e  fa c t  th a t  Ju n e  is  the  w e t te s t  
m on th  of th e  y e a r  and  th a t  th e  snow f ie ld s  in  th e  a d ja c e n t  m o u n ta in s  
a r e  c o n s ta n t ly  d im in ish in g  th ro u g h o u t th e  s u m n ie r  m o n th s .
A p le th o ra  of p r o b le m s  is  e n c o u n te re d  in  t ry in g  to  a c c u r a te ly  
quan tify  th e  m a g n itu d e  of in f luen t and effluen t on the  R efuge. S p rings  
in  th e  a r e a  a r e  e x t r e m e ly  abundan t and  m a n y  of th e s e  a r e  in a c c e s s ib le  
f o r  m e a s u r e m e n t .  In a d d it io n , th e r e  a r e  undoubted ly  su b m e rg e d  
s p r in g s  th a t  feed  th e  la k e s  d i r e c t ly  and a r e  u n m e a s u ra b le .  D ire c t  
r a in f a l l  onto the  l a k e s ,  a c c e l e r a t e d  e v a p o ra t io n  r a t e s  du r in g  the  
s u m m e r ,  and g ro u n d  w a te r  m o v e m e n t  off th e  R efuge a l s o  add to  the 
p ro b le m s  in  d e r iv in g  a c c u r a t e  e s t im a te s .  O th e r  f ie ld  c o m m itm e n ts  
d u r in g  th e  1972 s e a s o n  p r e e m p te d  th e  co l lec t io n  of a d d itio n a l s t r e a m - 
flow d a ta .
L ak e s
M o rpho logy . T he  r e l a t iv e  ag e  of a  la k e  can  be  d e te rm in e d  
b y  i t s  a v e ra g e  dep th  and  s h o r e l in e  d ev e lo p m e n t (T ab le  2). A s a  lake 
a g e s ,  s e d im e n ts  f r o m  th e  s u r ro u n d in g  w a te r s h e d  b eg in  to  s e t t l e  in the  
d e e p e r  p o r t io n s  of th e  la k e  and  f i l l  th e  la k e  b a s in .  As the  la k e
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F ig u re  6. S tream flo w  p a t te r n s  of th e  s tu d y  a r e a .
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M iles Depth (Ft. ) Shoreline
Developm entLength Width Shoreline A verage M aximum
R iv e r  M arsh 8 .75 .25 79. 7- 2 . 2 8 . 1 34. 5
Swan Lake 1. 50 .94 25 .6 2 . 1 2 . 8 9.1
L ow er Lake 3 .44 1 .89 36.9 3 .2 5 .6 6 .7
C u lv er  Pond .93 .0 4 2 .4 2 .7 5 .0 3 .3
M acDonald Pond .40 .13 2 .7 2 .7 4 .8 2 .3
W idgeon Pond . 78 . 63 2 .7 5 .2 8 . 8 1 .7
















b e c o m e s  s h a l lo w e r ,  i s la n d s  of e m e r g e n t  v e g e ta t io n  (S c irp u s  and 
T y p h a) beg in  to  a p p e a r  and  e n c ro a c h  f ro m  the  s h o r e l in e .  T h ese  
com bined  f o r c e s  of is la n d  f o rm a t io n  and s h o r e l in e  e n c ro a c h m e n t  a c t  
s im u l ta n e o u s ly  to  i n c r e a s e  th e  s h o re l in e  d ev e lo p m en t of th e  lak e .
Thus, sha llow  d ep th s  and  h ig h ly  deve loped  s h o r e l in e s  a r e  in d ic a to rs  
of lak e  age .
The e x te n s iv e  s h o r e l in e  d ev e lo p m en t in  the  R iv e r  M a rs h  is 
due to  th e  m e a n d e r in g  n a tu re  of th e  R ed R ock  R iv e r .  D ra in ag e s  
c h a ra c te r i z e d  b y  e x te n s iv e  m e a n d e r s  r e p r e s e n t  v e r y  old and m a tu re  
s y s te m s  (H utch inson  1957). S u c c e s s io n  is  m u c h  f u r th e r  advanced  in 
th e  R iv e r  M a rs h  th a n  th e  o th e r  la k e s  in  th e  m a r s h  p ro p e r .
Swan and L o w e r  la k e s  r e p r e s e n t  in te rm e d ia te  s ta g e s  in  la k e  
su c c e s s io n .  H e re  s h o r e l in e  d ev e lo p m e n t is  m o d e ra te ,  i s la n d s  a b u n ­
dant, and  la k e  dep th  sh a llo w .
U pper L ake  r e p r e s e n t s  th e  s u c c e s s io n a l ly  younges t lak e  in  
th e  m a r s h  p r o p e r .  H e re  i s la n d s  a r e  n o n e x is ten t ,  s h o re l in e  d e v e lo p ­
m e n t is  m in im a l ,  and  la k e  w a t e r s  deep . The r e a s o n  f o r  th e  lag  of 
U pper  L ak e  is due to  th e  f a c t  th a t  th is  a r e a  w as  p ro b ab ly  th e  lo w es t 
po in t in th e  b a s in  b lo c k  d e p r e s s io n  s in c e  i t  is  n e a r e s t  the C en ten n ia l  
fau lt ,  thus m ak in g  i t  th e  d e e p e s t  p a r t  of th e  a n c ie n t  g la c ia l  lak e .
B ro w e r  (1897) p r e s e n t s  ev id en ce  to  s u p p o r t  th is  th e o ry  by 
r e c o r d in g  depth  r e a d in g s  f o r  U p p e r  L ak e  of 10, 15, 20, and 2 5 fee t .  
T h is  in fo rm a tio n  c l e a r ly  in d ic a te s  th a t  U p p e r  L ak e  is  r a p id ly  filling
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in , a t  l e a s t  18 fe e t  in  th e  l a s t  75 y e a r s  in  s o m e  a r e a s .  As the  U pper 
L ake  b a s in  co n tin u es  to  f i l l  in, i ts  s lo p e  w il l  b e c o m e  m o r e  g ra d u a l  and 
th e  r a t e  of f i l l in g  sh o u ld  d e c l in e .
It is  in t e r e s t i n g  to  no te  th a t  th e  m a x im u m  dep th  r e c o r d e d  by  
B ro w e r  (1897) f o r  L o w e r  L ak e  w as  6  fe e t ,  y e t  75 y e a r s  l a t e r  the 
m a x im u m  dep th  r e c o r d e d  w a s  s t i l l  5. 6  fe e t .  T h e se  d if fe re n c e s  in 
f i l l in g  r a t e s  a r e  p ro b a b ly  a t t r ib u ta b le  to  d if fe re n c e s  in the geo log ica l 
m a t e r i a l  of th e  r e s p e c t iv e  w a te r s h e d s  of U pper and L o w er Lake.
It i s  not s u r p r i s in g  th a t  th e  s u c c e s s io n a l  d eve lopm en t of the  
ponds i s  r e la t iv e ly  young. T he  m in im a l  s h o re l in e  d eve lopm en t and 
deep w a te r s  a r e  to  b e  ex p e c te d  in  l ig h t  of t h e i r  r e c e n t  c o n s tru c t io n .
F lu c tu a t io n . T he  m a g n itu d e  of f lu c tu a tio n  v a r ie d  f ro m  la k e -  
to - la k e  depending , to  a  g r e a t  ex ten t,  on th e  p ro x im ity  of f e e d e r  
s t r e a m s  and th e  g e n e ra l  sh a p e  of th e  la k e  b a s in  (F ig . 7). F lu c tu a tio n  
in  th e  ponds w as not a s  e x te n s iv e  a s  in  th e  m a r s h  p r o p e r  and, due to  
th e  in te r f e r e n c e  of a r t i f i c i a l  c o n t ro l  s t r u c t u r e s ,  m e a s u r e m e n ts  w e r e  
d iscon tinued .
The w a te r  le v e l  in  th e  m a r s h  p r o p e r  r i s e s  f ro m  M ay to  J u ly  
and  b eg in s  to  r e c e d e  t h e r e a f t e r .  C o n s id e r in g  th e  p re c ip i ta t io n  p a t te rn  
of th e  R efuge (F ig . 1) th i s  w ould  b e  ex p ec ted . U pper  L ake  exhib ited  
th e  g r e a t e s t  f lu c tu a t io n , p ro b a b ly  due to  th e  m a n y  s t r e a m s  th a t  feed  
d i r e c t ly  in to  it.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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T h e r m a l  p r o p e r t i e s . M e a s u re m e n ts  of th e r m a l  s t r a t i f i c a t io n  
beyond  a  b r i e f  p r e l im in a r y  s u r v e y  w e r e  not tak en . P e r h a p s  th is  w as 
an  o v e r s ig h t ,  b u t o th e r  f ie ld  c o m m itm e n ts  did not w a r r a n t  ex ten s iv e  
in v e s t ig a t io n  in  th is  a r e a .
The R efuge la k e s  a r e  d im ic t ic ,  i . e . ,  th e y  exhib it a v e r n a l  
and a u tu m n a l tu r n o v e r  o r  " m ix is .  " In view of th e  fa c t  th a t  th e  Refuge 
la k e s  a r e  r e la t iv e ly  sh a l lo w , s o m e  s k e p t ic i s m  m igh t a r i s e  r e g a rd in g  
th e  p ro b a b i l i ty  of s u m m e r  s t r a t i f i c a t io n ;  h o w ev e r .  Cook and P o w e rs  
(1958) d e m o n s t r a te d  th a t  s u m m e r  s t r a t i f i c a t io n  in  sha llow  w a te r s  is 
a  r e a l  phen o m en o n  and o c c u r r e d  in  w a te r s  l e s s  th an  3 fee t deep .
T he f o rm a t io n  of s u m m e r  s t r a t i f i c a t io n  r e s u l t e d  in  the  
d ep le tio n  of d is s o lv e d  oxygen  r e s e r v e s  in  th e  d e e p e r  a r e a s  of the 
m a r s h ,  th u s  r e s u l t in g  in  a r e d u c in g  e n v iro n m e n t .  T h is  phenom enon 
w a s  ev id en ced  by  e x te n s iv e  a r e a s  of b lu e -b la c k  s o i l s  in d ic a t in g  tha t 
i r o n  w as  p r e s e n t  in  i t s  r e d u c e d  f e r r o u s  s ta te .  In the  shallow  s h o r e ­
l in e  a r e a s  w a te r  w as  i s o t h e r m a l  and  la k e  b o t to m s  ox id ized .
W a te r
L igh t t r a n s m i s s i o n . L ig h t t r a n s m i s s i o n  in  th e  w a te r  w as  not 
m e a s u r e d .  S ince s u b m e rg e d  m a c r o p h y te s  g rew  in even  th e  d e e p e s t  
a r e a s  of th e  la k e s ,  th e  e n t i r e  m a r s h  s y s t e m  can  be  c o n s id e re d  a 
eu p h o tic  zone , i. e . , l ig h t  e f fe c t iv e  in  p h o to sy n th e s is  r e a c h e s  a l l  
d ep th s .
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C o lo r . R efuge  w a te r s  a r e  r e m a rk a b ly  c l e a r  and th e r e  w e re  
no in s ta n c e s  w h e re  th e  v iew  of th e  e n t i r e  lak e  b o tto m  w as o b sc u re d  
due to  d is c o lo ra t io n .  W a te r  c o lo r  r a n g e d  f ro m  0 (p e r fe c t ly  c l e a r  and 
u n co lo red )  in  the  R efuge ponds to  a  m a x im u m  of 240 un its  in  Swan Lake.
T h e re  w as  a  g e n e r a l  d e c lin e  in  w a te r  c o lo r  d u r in g  th e  g row ing  
s e a s o n  (May to  A ugust)  fo llow ed  b y  a  r a p id  i n c r e a s e  (F ig . 8 ). Since 
d is s o lv e d  o rg a n ic  m a t t e r  is  the  p r im e  d e te rm in a n t  of w a te r  c o lo r  
(H utch inson  1957), i t  is  s u s p e c te d  th a t  th e  d ec lin e  d u r in g  the  grow ing 
s e a s o n  is  due to  th e  b a c t e r i a l  b reak d o w n  and a s s im i la t io n  of the  
o rg a n ic  m a t t e r  th a t  a c c u m u la te d  d u r in g  the  w in te r  m o n th s .  W ith the  
te rm in a t io n  of th e  g row ing  s e a s o n  in  A ugust, w id e - s c a le  d eco m p o sit io n  
of p lan t and  a n im a l  b io m a s s  o c c u r s ,  r e s u l t in g  in th e  in c re a s e d  d i s ­
c o lo ra t io n  of the  w a te r  in  la te  s u m m e r .
In g e n e ra l ,  la k e  w a te r  b e c a m e  yellow  o r  te a -b ro w n  in la te  
s e a s o n .  T h is  phenom enon  w a s  ev iden t th roughou t th e  m a r s h  p ro p e r ,  
and  e s p e c ia l ly  so  in  Swan L ake ,
D isc o lo ra t io n  of la k e  w a te r  w as  g r e a t e s t  in the  s m a l l  
s h e l t e r e d  b ay s  th a t  w e r e  l i t t l e  d is tu rb e d  by  w ave ac tion  and c u r r e n t s .  
T h e se  b ay s  a r e  u su a l ly  s u r ro u n d e d  on th r e e  s id e s  by  C a re x  s ta n d s  
and th e i r  a s s o c ia te d  p e a t  s o i l s .  O rg a n ic  e x t r a c t s  f ro m  th e s e  pea t 
so i l s  s ta in  the  w a te r .
T he yellow  c o lo r  of th e  w a te r  can  p o s s ib ly  be  due to two 
f a c t o r s .  H u tch inson  (1957) n o te s  th a t  in c r e a s e d  po p u la tio n s  of d ia to m s
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can  im p a r t  a  yellow  c o lo r  to  lak e  w a te r s .  On the  o th e r  hand, S h ap iro  
(1957) a t t r i b u te s  ye llow  c o lo r  to  c a rb o x y l ic  a c id s  in so lu tion . The 
l a t t e r  th e o r y  s e e m s  m o r e  p ro b a b le  due to  th e  fac t  th a t  the  yellow  
w a te r s  w e r e  m o s t  co m m o n ly  found a d ja c e n t  to  C a re x  s ta n d s ,  a l ik e ly  
s o u r c e  of th e s e  a c id s  fo llow ing  th e  d e c o m p o s it io n  of p ea t .
T u rb id i ty . T u rb id i ty  of R efuge la k e s  w as  d i r e c t ly  r e la te d  to  
th e  s iz e  of th e  w a te r  body . L a rg e  w a te r  b o d ie s  su c h  a s  U pper L ake , 
w h e re  w indsw eep  and  w ave  a c t io n  a r e  in te n se ,  w e re  a lw ays m o re  
tu rb id  th an  th e  s m a l l e r  ponds and  b a y s  of th e  m a r s h  th a t  w e re  la r g e ly  
p r o te c te d  f ro m  w ind and  w ave  d is tu rb a n c e .  W ithout excep tion , on 
w indy days  U pper L ak e  w a s  th e  m o s t  tu rb id  w a te r  body on th e  R efuge, 
o ften  b e c o m in g  m ilk y  w h ite .
T u rb id i ty  in c r e a s e d  th ro u g h o u t th e  s u m m e r  s e a s o n  (F ig . 9). 
T he  d u ra t io n  and in te n s i ty  of w ind in  th e  C e n ten n ia l  V alley  g e n e ra l ly  
i n c r e a s e s  th roughou t the  s u m m e r ,  w ith  A ugust and S e p te m b e r  being  
n o ta b ly  w indy  m o n th s .  T h u s , in c r e a s e d  w ind d is tu rb a n c e  and i ts  
a s s o c ia te d  w ave ac t io n ,  ad d ed  to  th e  d is tu rb a n c e  c a u se d  by  in c re a s in g  
p o p u la tio n s  of feed in g  w a te r fo w l d u r in g  f a l l  m ig ra t io n ,  p ro b ab ly  
a c c o u n ts  f o r  th e  la te  s e a s o n  I n c r e a s e  in tu rb id i ty .
H y d ro g en . The pH of la k e  w a te r s  in c r e a s e d  f ro m  la te  s p r in g  
to  e a r l y  A ugust and  then  d ec lin e d  in  la te  s u m m e r  (F ig . 10). T his  
p u ls e  is c a u se d  b y  th e  p h o to sy n th e tic  a c t iv i t ie s  of th e  m a r s h  v eg e ta t io n .
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P h o to s y n th e t ic  r a t e s  i n c r e a s e  f ro m  e a r ly  s p r in g  to  m id ­
s u m m e r  in p ro p o r t io n  to  the  in c r e a s e  in  p lan t b io m a s s  (Sculthrope 
1967). D u rin g  th e  p h o to sy n th e tic  p r o c e s s ,  m a r s h  v eg e ta t io n  r e m o v e s  
d is s o lv e d  CO 2  f ro m  th e  w a te r ,  c a u s in g  an  in c r e a s e  in pH. When, the  
g e n e ra l  g row ing  s e a s o n  ends in  A ugust, p h o to sy n th e s is  sh u ts  down and  
th e  d is s o lv e d  CO 2  c o n c e n tr a t io n  in  th e  w a te r  i n c r e a s e s ,  thus d r iv in g  
th e  pH of the  w a te r  down.
R efuge la k e s  can  b e  c l a s s i f ie d  a s  s l ig h t ly  a lk a l in e  to  s t ro n g ly  
a lk a l in e  depending  upon th e  lo c a t io n  and t im e  of y e a r .  In no in s ta n c e s  
w e r e  ac id  w a te r s  d e tec ted ; h o w ev e r ,  w a te r  s a m p le s  ta k en  in s h e l t e r e d  
b ay s  th a t  w e r e  c lo s e ly  a s s o c ia te d  w ith  th e  a c id ic  p e a t  s o i l s  of the  
C a re x  c o m m u n it ie s  w e r e  c i r c u m - n e u t r a l  (pH 7. 1 -7 .2 ) .  The m a c r o -  
phy tic  a lg a  N ite l la  f le x l l is  p r e d o m in a te d  in  th e s e  a r e a s .
A lk a l in i ty . U sing  th e  s c h e m e  d e s c r ib e d  by  M oyle and 
H o tch k iss  (1945), th e  R efuge  la k e s  a r e  c l a s s i f ie d  a s  having h a rd  
c a rb o n a te  w a te r s  (a lk a l in i ty  40 -200  ppm ). W ith in  th e  pH r e g im e  of 
th e  R efuge w a te r s  (7. 0 -9 .  0), th e  b u lk  of th e  a lk a l in i ty  is  a t t r ib u ta b le  
to  b ic a rb o n a te  ions in  so lu t io n  (Reid  1961).
P h o to sy n th e t ic  d e m a n d s  of th e  m a r s h  v e g e ta t io n  d ep le ted  
f r e e  d is s o lv e d  CO 2  r e s e r v e s  in  th e  w a te r  d u r in g  th e  s u m m e r ,  thus  
in c r e a s in g  th e  pH of th e  w a te r .  A s pH in c r e a s e d  above 8 . 0, b i c a r ­
b o n a te  c o n c e n tr a t io n s  b e g a n  to  d e c l in e  (F ig . 11) due to  the
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d is s o c ia t io n  of th e s e  ions to  c a rb o n a te  and  h y d ro g en  ions.
T he  f re q u e n c y  of c a rb o n a te  a lk a l in i ty  m e a s u r e m e n ts  du ring  
th e  s e a s o n  v a r i e d  w ith  ch a n g es  in  th e  pH re g im e  (Fig . 12). C a rb o n a te  
ion c o n c e n tr a t io n s  w e r e  b a r e l y  d e te c ta b le  in  th e  pH ra n g e  of 8 . 4 -8 .  6  
and r e a c h e d  a  m a x im u m  c o n c e n tra t io n  of 50 p p m  in a r e a s  w h e re  pH 
ra n g e d  f ro m  9. 6 -9 . 8 .
F o llow ing  th e  te rm in a t io n  of th e  g row ing  s e a s o n  in  A ugust, 
f r e e  COg c o n c e n tr a t io n s  in c r e a s e d  and pH d ec lin ed . T h is  change is  
r e f le c te d  b y  the  d e c lin e  in  c a rb o n a te  ion c o n c e n tra t io n s  in la te  s u m m e r  
(F ig . 12) and  an  i n c r e a s e  in  b ic a rb o n a te  ion  c o n c e n tra t io n s  (F ig . 11).
F r e e  COg v a r i e d  w id e ly  f ro m  s ta t io n - to - s ta t io n  but in  g e n e ra l ,  
c o n c e n tra t io n s  w e r e  u n d e te c ta b le  w hen pH ex ceed ed  8 . 0. U nder 
th e s e  cond itions  p h o to sy n th e s iz in g  p la n ts  sp l i t  off COg f ro m  b i c a r ­
b o n a te  ions w hich  b r in g s  abou t the  p re c ip i ta t io n  of c a lc iu m  c a rb o n a te  
(CaCOg).
C a lc iu m . C a lc iu m  c o n c e n tra t io n s  d ec lin e d  un til  e a r ly  
A ugust and  then  in c r e a s e d  in  l a t e  s u m m e r  (F ig . 13). T h is  phenom enon  
can  b e  ex p la in ed  in  t e r m s  of p h o to sy n th e tic  a c t iv i ty  of th e  s u b m e rg e d  
m a c ro p h y te s  and th e  s u b se q u e n t  pH c h a n g es .
L a te  s p r in g  i s  c h a r a c t e r i z e d  b y  a  f lo u r i s h  of m a c ro p h y te  
g ro w th  and  in c r e a s e d  p h o to sy n th e tic  r a t e s .  In th e  p h o to sy n th e tic  
p r o c e s s ,  m a c ro p h y te s  r e m o v e  d is s o lv e d  COg f ro m  th e  w a te r  thus
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i n c r e a s in g  th e  pH. In so m e  c a s e s  w h e re  v e g e ta t io n  w as  abundant and 
p h o to sy n th e tic  r a t e s  w e r e  h igh, pH a p p ro a c h e d  1 0 .0 .  Follow ing the  
r e m o v a l  of f r e e  CO 2  f ro m  th e  s y s te m ,  p h o to sy n th es iz in g  p lan ts  sp li t  
off CO 2  f r o m  b ic a rb o n a te  ions  w hich  b ro u g h t  about the  p re c ip i ta t io n  
of c a lc iu m  c a rb o n a te  (CaCOg).
In f r e s h  w a te r  s y s t e m s ,  c a lc iu m  c a rb o n a te  p re c ip i ta te  is 
co m m o n ly  known a s  m a r l  o r  bog l im e .  T his  p r o c e s s  is  qu ite  com m on 
in  th e  R efuge la k e s  and  ponds and  ev idence  f o r  i t s  w id e s p re a d  o c c u r ­
r e n c e  ca n  b e  found on su c h  p la n ts  a s  E lo d ea  c a n a d e n s is . C h a r  a 
v u lg a r i s , P o ta m o g e to n  p r a e lo n g u s , and  P . r i c h a r d s onii w h e re  m a r l  
a p p e a r s  as  a w h ite  c r u s t  on the  le a v e s .  The net effec t of th is  p r o c e s s  
is  th e  re m o v a l  of so lu b le  c a lc iu m  f ro m  th e  w a te r  d u r in g  th e  grow ing  
s e a s o n  (F ig . 13).
In e a r ly  A ugust, the  g row ing  s e a s o n  is  n e a r  co m ple tion  and 
r a t e s  of p h o to sy n th e s is  b eg in  to  d ec lin e .  Subsequen tly , COg d iffuses  
in to  th e  s y s te m  f ro m  th e  a tm o s p h e re  a t  a  g r e a t e r  r a t e  than  i t  is  
r e m o v e d  b y  p h o to sy n th e s is .  T he ad d itio n  of COg s e r v e s  to  p ro d u c e  
c a rb o n ic  ac id  w hich  d i s s o c ia te s  and lo w e rs  th e  pH. As the c o n c e n ­
t r a t i o n  of d is s o lv e d  COg in c r e a s e s ,  the  so lu b i l i ty  of CaCOg in c r e a s e s .  
The n e t e ffec t is th a t  in la te  s u m m e r ,  a s  pH d ro p s ,  ca lc iu m  th a t  w as 
f o r m e r l y  t ie d  up in  m a r l  is  r e l e a s e d  in to  so lu t io n , accoun ting  fo r  the  
i n c r e a s e  in  la te  s u m m e r .
R efuge la k e s  and  ponds c a n  b e  c la s s i f ie d  a s  " r ic h "  (Ohle 1934)
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in c a lc iu m . T h is  i s  not s u r p r i s in g ,  in  view of the  am oun t of c a lc iu m - 
r i c h  l im e s to n e  in th e  w a te r s h e d .
T o ta l  h a r d n e s s . T he  to ta l  h a r d n e s s  of th e  la k e  w a te r s  
d e c l in e d  f ro m  s p r in g  to  m id s u m m e r  and th en  in c r e a s e d  in la te  
s u m m e r  (F ig . 14). S ince  th is  p a r a m e t e r  is  a  m e a s u r e  of c a lc iu m  and 
m a g n e s iu m  h a r d n e s s ,  th e  m e c h a n is m s  involved  in th e  s e a s o n a l  f lu c tu ­
a t io n  of to ta l  h a r d n e s s  a r e  th e  s a m e  a s  th o se  d e s c r ib e d  fo r  so lub le  
c a lc iu m  (F ig . 13).
D is so lv e d  oxygen . D is so lv e d  oxygen c o n c e n tra t io n s  w e re  
h ig h e s t  in  la te  s p r in g  and e a r ly  f a l l  (F ig . 15). The in c r e a s e d  s o lu ­
b i l i ty  of oxygen w ith  lo w e r  t e m p e r a tu r e s  ac co u n ts  f o r  th e s e  h ig h e r  
c o n c e n tra t io n s  in  th e  c o o le r  w a te r s  of s p r in g  and fa l l .  S ince la te  
s u m m e r  and e a r ly  f a l l  a r e  c h a r a c te r i z e d  by  in c r e a s e d  wind a c t iv i t ie s ,  
a c c e le r a t e d  w ave a c t io n s  on th e  la k e s  could a l s o  accoun t f o r  in c r e a s e s  
in d is s o lv e d  oxygen c o n c e n tra t io n s .
T he m id s u m m e r  m o n th s  show ed  a d ec lin e  in to ta l  d is so lv e d  
oxygen. T h is  d e c l in e  is  due to  d e c r e a s e d  oxygen so lu b i l i ty  w ith  
w a r m e r  t e m p e r a tu r e s  and  an  in c r e a s e  in  th e  b io lo g ica l  dem and  fo r  
oxygen f o r  r e s p i r a t io n .
P e r c e n t a g e  of oxygen s a tu r a t io n s  w e r e  lo w e s t  in m id s u m m e r  
(75-85  p e r c e n t )  and h ig h e s t  in  th e  s p r in g  and f a l l  (90-100 p e rc e n t) .  
C o r r e c t io n s  f a c to r s  f o r  th e  R e fu g e ’s h igh  a l t i tu d e  w e re  ta k en  in to
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c o n s id e r a t io n  w hen  c a lc u la t in g  p e rc e n ta g e  of s a tu ra t io n  (Hawson 
1944).
I r o n . Solub le  i ro n  d e c r e a s e d  s l ig h t ly  f ro m  la te  s p r in g  to  
m id s u m m e r  and th en  in c r e a s e d  in l a t e  s u m m e r  (P ig . 16). Two 
p o s s ib le  m e c h a n is m s  a r e  r e s p o n s ib le  f o r  th is  phenom enon.
As s u m m e r  p r o g r e s s e s ,  th e  d e e p e r  r e g io n s  of the la k e s  
b e c o m e  d e p le te d  of oxygen due to  in c r e a s e d  b io lo g ic a l  dem and  and 
th e r m a l  s t r a t i f i c a t io n  ( s u m m e r  s tag n a tio n ) .  In th e  p r e s e n c e  of COg 
f ro m  b a c t e r i a l  d e c o m p o s it io n ,  o rg a n ic  m a t t e r  in th e  m uck  so i ls  s e r v e s  
a s  a re d u c in g  ag en t and th e  r e la t iv e ly  in so lu b le  f e r r i c  (Fe^^) ions a r e
_lO
re d u c e d  to  th e  m o r e  so lu b le  f e r r o u s  (F e  ) io n s ,  thus  In c re a s in g  to ta l  
so lu b le  i r o n  (H utch inson  1957).
In e a r ly  O c to b e r  th e  lak e  w a te r s  o v e r tu rn  d u r in g  the  p e r io d  
of a u tu m n a l  c i r c u la t io n  and  su b se q u e n t ly  th e  oxygen supp ly  is  r e s to r e d .  
F e r r o u s  i r o n  is  then  ox id ized  to  th e  in so lu b le  f e r r i c  i ro n , and  the 
to ta l  so lu b le  i ro n  c o n c e n tra t io n  d e c r e a s e s .
An a l t e r n a te  m e c h a n i s m  fo r  th e  in c r e a s e  of i ro n  o v e r  th e  
s u m m e r  m o n th s  w as d e s c r ib e d  by  H utch inson  (1957) in  w hich  so lu b le  
i r o n  i n c r e a s e s  w ith  in c r e a s e d  s ta in in g  of th e  w a te r  due to  d is s o lv e d  
o rg a n ic  m a t t e r .  As th e  to ta l  am o u n t of d e c o m p o s it io n  p ro d u c ts  
i n c r e a s e s  in  th e  w a te r  (F ig .  8 ), g r e a t e r  am o u n ts  of i r o n  w ill  be  
a d s o rb e d  to  th e s e  c o l lo id a l  f r a g m e n ts ,  th u s  acco u n tin g  fo r  the
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i n c r e a s e  in  i r o n  th a t  w a s  ev id en ced .
T h e  in c r e a s e  in i r o n  o v e r  th e  s u m m e r  m o n th s  is p ro b ab ly  
due to  th e  co m b in ed  in te ra c t io n s  of th e  tw o p r o c e s s e s  above . F ie ld  
e v id en ce  ten d s  to  s u p p o r t  th is  dua l th e o ry .  In th e  deep  w a te r s  su c h  
a s  U p p er  L ak e , th e  m ic ro z o n e  i s  d e f in i te ly  re d u c e d  a s  ev idenced  by  
th e  b lu e -b la c k  c o lo r .  T h is  phenom enon  m e e ts  the  c r i t e r i o n  of the  
f i r s t  m e c h a n is m .  The in c r e a s e d  s ta in in g  of la k e  w a te r s  du r in g  the  
s u m m e r  m o n th s  h a s  b e e n  s u b s ta n t ia te d  (F ig . 8 ), thus fu lf i l l in g  the  
c r i t e r i o n  fo r  th e  se c o n d  m e c h a n is m .
M ost f r e s h - w a t e r  la k e s  of th e  t e m p e r a te  re g io n  have  so lu b le  
i r o n  c o n c e n tra t io n s  l e s s  th an  0 .2 0  p pm  (R eid  1961). S ince i ro n  
m e a s u r e m e n ts  of th e  R efuge la k e  w a te r  fa l l  w ith in  th is  c a te g o ry  and 
do not ex c ee d  th i s  f ig u re ,  i t  is  conc luded  th a t  th e  la k e s  a r e  not 
ex c ee d in g ly  tox ic  n o r  d e f ic ie n t  in  so lu b le  i ro n .
S u lfa te . S u lfa te  c o n c e n tr a t io n s  d ec lin e d  f ro m  la te  s p r in g  to  
m id s u m m e r  and then  in c r e a s e d  in la te  s u m m e r  (F ig . 17). T his  
p a t t e r n  w as  a l s o  s e e n  in  th e  i ro n  c o n c e n tra t io n s  of th e  Refuge and the  
m e c h a n is m s  involved  in  b o th  c a s e s  a r e  q u ite  s i m i l a r .
As s u m m e r  p r o g r e s s e s ,  in c r e a s e d  b io lo g ic a l  dem ands  d ep le te  
oxygen  su p p l ie s  in th e  lak e  w a te r s .  A s a n a e ro b ic  cond itions a r e  
a p p ro a c h e d ,  s u lfa te  b a c t e r i a  c h e m o s y n th e t ic a l ly  r e d u c e  su lfa te  to  
h y d ro g e n  su lf id e  g a s .  T h is  pungen t g a s ,  co m m o n ly  known a s  " sw am p
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g a s ,  " is  q u ite  n o t ic e a b le  in  la te  s u m m e r ,  e s p e c ia l ly  w hen the  m uck  
s o i l s  of th e  la k e  b o t to m  a r e  d is tu rb e d .
Su lfa te  r e d u c t io n  ta k e s  p la c e  a t  th e  m ud  s u r fa c e  (m ic ro zo n e )  
and th e  h y d ro g e n  su lf id e  in  con junction  w ith  m e th a n e  often a p p e a r s  as  
a th in  b la c k  coa ting , known a s  s a p ro p e l ,  on th e  m ud  s u r fa c e  (Reid 
1961). Due to  th e  a lk a l in e  n a tu re  of th e  la k e  w a te r s ,  hyd rogen  su lf id e  
is  p r e c ip i ta te d  a s  i r o n  su lf id e  (FeS), th u s  ca u s in g  s u lfa te  c o n c e n ­
t r a t i o n s  to  d e c l in e .
By e a r l y  A ugust,  th e  g row ing  s e a s o n  is  n e a r  te rm in a t io n ,  
th u s  re d u c in g  th e  to ta l  b io lo g ic a l  oxygen d em an d . T h is ,  coupled  w ith  
in c r e a s e d  w ave a c t io n  d u r in g  th e  w indy s e a s o n  of la te  s u m m e r ,  and 
th e  au tu m n a l m ix is  a c t  to g e th e r  to i n c r e a s e  th e  oxygen c o n c e n tra t io n  
of th e  l a k e s .  A s th e  la k e  m ic ro z o n e s  b ec o m e  ox id ized , s u lfu r  c o m ­
pounds a r e  oxydized  in  th e  m ud  and lo s t  to  the  w a te r  a s  so lub le  
su lfa te .  T h is  p r o c e s s  ex p la in s  th e  i n c r e a s e  in  s u lfa te  c o n c e n tra t io n s  
th a t  w e r e  w i tn e s s e d  in l a te  s u m m e r  and  e a r ly  au tum n .
P h o s p h a te . P h o s p h a te  d ec l in e d  un til  th e  end of th e  g row ing  
s e a s o n  (F ig . 18). T h is  d e c lin e  is  p ro b a b ly  due to  the  h igh  b io lo g ic a l  
dem and  fo r  th is  e s s e n t i a l  n u t r ie n t  b y  r a p id ly  g row ing  b a c te r ia ,  
p lan k to n , and m a c ro p h y te s .
T h e  i n c r e a s e  in p h o sp h a te  c o n c e n tra t io n s  in  la te  s u m m e r  
s e e m s  to  b e  r e l a t e d  to  th e  te rm in a t io n  of the  g ro w in g  s e a s o n  and the
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de c o m p o s i t io n a l  b re a k d o w n  of p la n t  and  a n im a l  b io m a s s .  D esp ite  the 
fa c t  th a t  m o s t  of th e  p h o sp h o ru s  r e l e a s e d  f ro m  d eco m p o s it io n a l  b r e a k ­
down is  o rg a n ic a l ly  bound, s o m e  p h o sp h a te  goes in to  so lu tio n  and th is  
could  acco u n t f o r  th e  i n c r e a s e  th a t  w as  noted .
T h is  th e o ry  i s  s u p p o r te d  by  the  findings of O hle (1934) who 
found th a t  so lu b le  in o rg a n ic  p h o sp h a te  w as  d i r e c t ly  r e la te d  to the 
am oun t of s ta in in g  in  th e  w a te r .  W a te r  c o lo r  of th e  Refuge la k es  
v a r i e d  in  th e  s a m e  m a n n e r  a s  the  p h o sp h a te  c o n c e n tra t io n s ,  thus 
lend ing  m o r e  c r e d e n c e  to  the  th e o ry .
T he  d e c l in e  in  p h o sp h a te  in the  f a l l  a l s o  c o r re s p o n d s  w ith  a 
d e c r e a s e  and le v e l in g  off of w a te r  c o lo r .  T h is  d ec lin e  is m o s t  l ik e ly  
a t t r ib u ta b le  to  th e  o x ida tion  of o rg a n ic  m a t t e r  fo llow ing the  a u tu m n a l 
c i r c u la t io n  and p r e c ip i ta t io n  of o r th o p h o sp h a te  by  ca lc iu m  and iro n .
D e sp i te  th e  c lo s e  p ro x im i ty  of th e  p h o s p h a te - r i c h  P h o sp h o r ia  
f o rm a t io n  in  th e  C e n ten n ia l  M oun ta in s , p h o sp h a te  c o n c en tra t io n s  in 
th e  R efuge la k e s  a r e  no t e x c e s s iv e .  T he  la c k  of abundant o r th o ­
p h o sp h a te  is  a t t r ib u ta b le  to  i t s  h igh  b io lo g ic a l  dem and  and to  the  ra p id  
r a t e  a t  w h ich  p h o sp h a te s  a r e  t ie d  up in  in so lu b le  com pounds su c h  as  
c a lc iu m  and  f e r r i c  p h o sp h a te s .  T he  a v e ra g e  o r th o p h o sp h a te  c o n c e n ­
t r a t i o n  in t e m p e r a te  r e g io n  la k e s  is  0 .0 1 - 0 .0 3  ppm  (Reid 1961) w hich 
w ould c l a s s i fy  th e  R efuge la k e s  a s  b e in g  s l ig h t ly  above a v e ra g e .
N i t r a t e . N i t r a te s  in c r e a s e d  th ro u g h o u t th e  s u m m e r  m onths
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and  s h a r p ly  d e c l in e d  in e a r l y  f a l l  (F ig . 19). An ad eq u a te  exp lana tion  
of th is  i n c r e a s e  i s  d iff icu lt  to  r e s o lv e  in v iew  of th e  fa c t  tha t m uch  of 
th e  d a ta  p r e s e n te d  in th e  l i t e r a t u r e  (H utch inson  1957, D om ogally  et 
a l . , 192 5) in d ic a te s  th a t  n i t r a t e s  u s u a l ly  d ec l in e  d iir ing  the s u m m e r  
m o n th s .  A re n s  on (1969) h o w ev e r ,  w o rk in g  a t  Q uake L ake , M ontana, 
ju s t  n o r th  of the  R efuge, found th a t  n i t r a t e s  in c r e a s e d  f ro m  Ju n e  to  
S e p te m b e r  fo llow ed by  a d ec l in e ,  s i m i l a r  to  th a t  of the  Refuge w a te r s .
N i t r a te s  u s u a l ly  e n te r  the  w a te r  a s  a b y -p ro d u c t  of b a c te r ia l  
n i t r i f ic a t io n .  R a te s  of n i t r i f ic a t io n  a r e  dependent upon the c o n c e n ­
t r a t i o n s  of a m m o n ia  w h ich  a r e  d e r iv e d  f ro m  th e  d e c o m p o sit io n  of 
p r o te in s  and th e  d e a m in a tio n  of am ino  ac id s  (H utchinson 1957).
O hle (1934) found th a t  a m m o n ia  c o n c e n tra t io n s  w e re  h ig h e r  
in  s ta in e d  w a te r s  due to  d is s o lv e d  o rg a n ic  m a t t e r .  W a te r  co lo r  
g e n e ra l ly  in c r e a s e d  d u r in g  th e  s u m m e r  m onths w hich  would im p ly  
th a t  a m m o n ia  c o n c e n tra t io n s  a l s o  in c re a s e d .  Since n i t r i f ic a t io n  r a t e s  
a r e  dependen t upon a m m o n ia  c o n c e n tra t io n s ,  it s e e m s  p la u s ib le  th a t  
th is  m e c h a n is m  could  in c r e a s e  n i t r a t e  co n c e n tra t io n s  du ring  the 
s u m m e r .
R a in  w a te r  c o n ta in s ,  on th e  a v e ra g e ,  0. 5 ppm  am m o n ia  and
0. 2 p p m  n i t r a t e  (H utch inson  1957). S ince th e  s u m m e r  m on ths  in  the 
C e n ten n ia l  V alley  a r e  m a rk e d  b y  f re q u e n t  r a in  s h o w e rs ,  n i t r a t e s  could 
p o s s ib ly  e n te r  th e  s y s t e m  by  th is  m e an s .
N itro g e n  com pounds d e r iv e d  f ro m  the  s o i l  can  a l s o  e n te r  the
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F ig u re  19, S easo n a l v a r ia t io n  in so lu b le  n i t r a te s .







R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
71
la k e s  b y  th e  in f lu en ts  of s t r e a m s  and s p r in g s .  T h is  phenom enon 
o c c u r r e d  in one in s ta n c e  w h e re  n i t r a t e  c o n c e n tra t io n s  in E lk  C re e k  
S p rin g s  w e r e  m e a s u r e d  a t  0. 77 ppm . T h is  c o n c e n tra t io n  is  s e v e r a l  
t im e s  g r e a t e r  than  an y  m e a s u r e m e n t  m ad e  on the  R efuge and r e p r e ­
se n ts  a  r e a d i ly  a v a i la b le  s o u r c e  of n i t r a t e s  f o r  m a c ro p h y te s .  F r o m  
th e  g r e a t  abundance  of s p r in g s  in the  a r e a ,  it  s e e m s  p o s s ib le  tha t 
o th e r  s p r in g s  a r e  c o n tr ib u t in g  n i t ro g e n  com pounds to  the  w a te r  and 
could  c o n c e iv a b ly  a c c o u n t f o r  the  s u m m e r  n i t r a t e  in c re a s e .
P la n ts
In i t s  c o n te m p o r a r y  u sa g e ,  th e  t e r m  "a q u a tic  m a c ro p h y te "
has  no p r e c i s e  tax o n o m ic  m e an in g ,  b u t i s  u se d  to  r e f e r  to  the  l a r g e r  
s u b m e rg e d  a q u a tic  p la n ts  to  d is t in g u is h  th e m  f ro m  m ic ro s c o p ic  
p lank ton , p e r ip h y to n ,  and  s m a l l  a lg a e .  T he C h a ra c e a e  w as inc luded  
in  th e  s tu d y  b e c a u s e  of th e i r  lo c a l  abundance  and th e i r  known v a lu e  to 
w a te r fo w l a s  a food s o u r c e  (M a r t in  and U h le r  1939). The t e r m  
"a q u a t ic  m a c ro p h y te "  a s  u se d  in  th is  in v e s t ig a t io n  is  synonym ous w ith  
the  t e r m  "h y d ro p h y te "  a s  u se d  b y  o th e r  a u th o rs  (Den H arto g  and Segal 
1964, R a u n k ia e r  1934).
H is to r y . The e x a c t  n a tu r e  of th e  n a t iv e  s u b m e rg e d  m a c r o ­
p h y te s  of th e  R efuge  i s  o b s c u re .  D u rin g  th e  1 930 's  and 1 940 's ,  Refuge 
p e r s o n n e l  u n d e r to o k  an  e x te n s iv e  p r o g r a m  of in tro d u c in g  n o n -n a tiv e  
s p e c ie s  th ro u g h o u t th e  m a r s h  p r o p e r  and  th e  a d ja c e n t  ponds. The
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p ro b le m  of d i s c e r n in g  n a t iv e  s p e c ie s  f ro m  th o se  in tro d u ce d  is  c o m p l i ­
c a te d  b y  th e  fac t  th a t  m a n y  p a s t  R efuge r e c o r d s  u se d  th e  com m on 
p la n t  n a m e s  o r  on ly  th e  g e n e r ic  n a m e .
Seven  s p e c ie s  of s u b m e rg e d  m a c ro p h y te s  w e r e  r e c o r d e d  a s  
in tro d u c e d  on th e  R efuge . Of th o s e  s e v e n  only  P o tam o g e to n  p e c t in a tu s , 
and N a ja s  f le x i l is  a r e  now p r e s e n t  in th e  m a r s h .  S ince w e s te rn  
M ontana is  w ith in  th e  n a tu r a l  d is t r ib u t io n  a r e a  fo r  th e s e  s p e c ie s  
(H itchcock  et a l . ,  1969) i t  is  a c c e p te d  th a t  th e y  a r e  m e m b e r s  of the  
o r ig in a l  f lo ra .  T h u s , th e  n e t  e ffec t  of th e  p la n tin g s ,  in t e r m s  of s u b ­
m e rg e d  s p e c ie s ,  h a s  b e e n  n il .
T he  s u b m e rg e d  m a c ro p h y te s  of th e  m a r s h  w e r e  i n t e r m i t ­
te n t ly  s u rv e y e d  o v e r  th e  y e a r s  b y  R efuge  p e r s o n n e l .  B eed  (1955,
1956) conduc ted  th e  in i t ia l  a q u a tic  m a c ro p h y te  s u r v e y  of the  m a r s h  
p r o p e r  u s in g  a  po in t t r a n s e c t  m e th o d . R efuge r e c o r d s  f ro m  1956- 
1966 la c k  q u a n t i ta t iv e  s u r v e y s  and a r e  l im ite d  to  b r i e f  n a r r a t io n s  
b a s e d  on v i s u a l  e s t im a te s .
In 1966 and  1968-1972 , q u an t i ta t iv e  s u rv e y s  w e r e  conducted . 
R e c e n t  s u r v e y s  em p lo y ed  a  h a r v e s t  m e th o d  d e v ise d  by  W e b s te r  (1965) 
and  w e r e  co n duc ted  to  e s t im a te  th e  b io m a s s  of s tan d in g  c ro p s  of 
m a c r o p h y te s ,  an  index  to  th e  food p la n ts  a v a i la b le  to  th e  t r u m p e te r  
sw an  and  o th e r  w a te rfo w l.
T ax o n o m y . T he  ta x o n o m ic  n o m e n c la tu re  of th is
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in v e s t ig a t io n  (Appendix IV) fo llow s H itchcock  e t a l .  (1969) and 
P r e s c o t t  (1962). V o u ch e r  s p e c im e n s  a r e  d e p o s i te d  a t  the  U n iv e r s i ty  
of M ontana H e rb a r iu m .
G row th  f o r m s . S e v e ra l  l i fe  f o r m  c la s s i f ic a t io n  s c h e m e s  
fo r  a q u a t ic  p la n ts  h av e  b e e n  p r e s e n te d  (Scu lth rope  1967, Den H arto g  
and  S ega l 1964, P enfound  1952, and L u th e r  1949). T ab le  3 s u m ­
m a r i z e s  th e  g ro w th  f o r m s  of aq u a tic  m a c ro p h y te s  found on the  R efuge .. 
T he c la s s i f ic a t io n  s c h e m e  and  te rm in o lo g y  u se d  in  th is  ta b le  is  a 
c o m p o s i te  of S cu lth ro p e  (1967) and L u th e r  (1949).
T he d if f icu lty  in  a c c u r a te ly  d e s c r ib in g  th e  l i fe  f o rm s  of 
aq u a tic  m a c ro p h y te s  a r i s e s  f ro m  th e  g r e a t  v a r ia t io n  in  aq u a tic  
h a b i ta ts .  E v id en c e  of th is  v a r i a t io n  in  g ro w th  f o rm s  is  ev iden t in the  
la k e s  of th e  R efuge. F o r  e x a m p le ,  C e ra to p h y llu m  d e m e r s u m  grow ing  
in  th e  sha llow  w a te r  of L o w e r  L ak e  i s  a t ta c h e d  to  the  lak e  s u b s t r a te  
and  i s  so m e w h a t d w arfe d  in  s iz e ;  w h e r e a s ,  p la n ts  of th e  s a m e  s p e c ie s  
g ro w in g  in the  deep  w a te r s  of W idgeon P ond  a r e  f r e e  f loa ting  and 
m u ch  l a r g e r .  L ik e w ise ,  S a g i t t a r ia  cu n e a ta  g row ing  in L o w er  L ake  is 
c o m p r is e d  of a b a s a l  r o s e t t e  of s u b m e rg e d  l in e a r  le a v e s ,  y e t  th e  
s a m e  p la n t  in  U p p er  L a k e  often  w il l  have  s a g i t t a te  le a v e s  f lo a t in g  on 
th e  la k e  s u r f a c e .
D e sp i te  th e  p a r t i a l  o v e r la p  th a t  o c c u rs  in su c h  a s c h e m e , 
g ro w th  f o rm  c la s s i f i c a t io n  p ro v id e s  an  in s ig h t  in to  th e  eco logy  of
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T ab le  3
G ro w th  F o r m s  of S u b m erg ed  M acro p h y tes
I. H ydrophy te  b a s a l  p a r t s  p e n e t r a te  s u b s t r a t e  (R hizophytes)
A. L e a v e s  f lo a tin g  
P o lygonum  am p h ib iu m  
S a g i t t a r ia  c u n e a ta  (o cca s io n a lly )
B. L e a v e s  s u b m e rg e d ;  r e p ro d u c t iv e  o rg a n s  f loa ting , a e r i a l ,  o r  
s u b m e rg e d
1. R o s e t te  p la n ts  
S a g i t t a r ia  cu n e a ta  
I s o e te s  s p p .
2. C a u le s c e n t  p lan ts  
JOlocloa c a n a d e n s is  
N ajas  f le x i l i s  
Z a n n ic h e l l ia  p a lu s t r i s  
P o ta m o g e to n  p e c t in a tu s  
P .  f r i e s i i
P .  r i c h a rd s o n i i  
P .  p ra e lo n g u s  
P . fo lio s  us 
P .  z o s t e r i f o r m i s  
P .  p u s i l lu s  
C h a ra  v u lg a r is  
N ite l la  f le x i l i s
C e ra to p h y llu m  d e m e r s u m  (o ccas io n a lly )
R anuncu lus  a q u a t i l is  
M y rio p h y llu m  s p ic a tu m  
C a l l i t r i c h e  h e r m a p h ro d i t ic a  
H ip p u ris  v u lg a r i s
II. F r e e - f lo a t in g  m a c r o s c o p ic  h y d ro p h y te s  (P le u s to p h y te s )
A. H y d ro p h y tes  w h ich  l ie  f r e e ly  on th e  la k e  b o tto m  
(B en th o p leu s to p h y tes  )
L e m n a  t r i s u l c a
B. H ydrophy tes  th a t  f lo a t  f r e e ly  b e tw e en  the  b o tto m  and the  lake  
s u r f a c e  (M eso p le u s to p h y te s )
C e ra to p h y llu m  d e m e r s u m  
U t r ic u la r i a  v u lg a r i s
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s u b m e rg e d  m a c ro p h y te s ,  w h ich  w il l  b e  a p p a re n t  in l a t e r  p a r a g r a p h s .
G e o g ra p h y . D is t r ib u t io n  m a p s  of each  s u b m e rg e d  sp e c ie s  
a r e  in c lu d e d  in  A ppendix  V. B e c a u s e  of th e  co m p lex  m o s a ic  of v e g e -  
ta t io n a l  g ro w th  p a t t e r n s ,  no  a t te m p t  w as  m a d e  to  show r e la t iv e  a b u n ­
d a n c e  on th e  m a p s .
S p e c ie s  d i s t r ib u t io n a l  m a p s  r e v e a l  th a t  s o m e  d is t in c t  
p a t t e r n s  do o c c u r  on th e  R efuge . S p ec ie s  su c h  a s  E lo d ea  c a n a d e n s is , 
Z a n n ic h e l l ia  p a l u s t r i s ,  and  C a l l i t r i c h e  h e r m a p h ro d i t i c a  a r e  g e n e ra l ly  
l im i te d  to  the  pond r e g io n  in th e  e a s t e r n  p o r t io n  of th e  R efuge. L em n a  
t r i s u l c a  is  found a lm o s t  e x c lu s iv e ly  in L o w e r  L ake  w hile  P o tam o g e to n  
p ra e lo n g u s  is  l im i te d  to  th e  l a r g e r  w a te r  b o d ie s  of th e  m a r s h  p r o p e r .  
E x p la n a tio n  of th e s e  and  o th e r  d i s t r ib u t io n a l  p h en o m en a  a p p e a r  in 
l a t e r  p a r a g r a p h s .
P a t t e r n . The c l a s s i f i c a t i o n  s c h e m e  d e v ise d  by  S h im w ell 
<1971) w as  u se d  to  c l a s s i f y  th e  R efuge  m a c ro p h y te s  a c c o rd in g  to  th e i r  
h o r iz o n ta l  d is t r ib u t io n  o r  p a t t e r n  (T a b le  4).
P la n t  p a t t e r n  in  th e  m a r s h  i s  c l e a r ly  a d i r e c t  function  of 
r e p r o d u c t iv e  m e c h a n i s m s .  P l a n t s  w h ich  r e p r o d u c e  v e g e ta t iv e ly  by 
m e a n s  of r h iz o m e s ,  t u b e r s ,  o r  w in te r  b u d s  (Appendix VIII) g e n e ra l ly  
e x h ib ite d  a  c lo se d  p a t t e r n .  W ith in  th e s e  s p e c ie s ,  a g g re g a t io n  in to  
l a r g e  c lu m p s  o r  th e  f o r m a t io n  of e x te n s iv e  m a ts  w as  co m m o n .
P la n t  s p e c ie s  s u c h  a s  N a ja s  f l e x i l i s , I s o e te s  s p p . ,
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T a b le  4 
H o r iz o n ta l  P la n t  D is t r ib u t io n
A. CLOSED: p la n ts  s p a c e d  s o  a s  to  f o rm  con tinuous  l a t e r a l  co n tac t
E lo d e a  c a n a d e n s is  
C h a ra  v u lg a r i s  
H ip p u r is  v u lg a r i s  
M y rio p h y llu m  s p ic a tu m  
L e m n a  t r i s u l c a
B. LO C A LLY  CLOSED TO O P E N
P o ta m o g e to n  p u s i l lu s  
P o ta m o g e to n  p e c t in a tu s  
P o ta m o g e to n  r i c h a r d s o n i i  
P o ta m o g e to n  fo l io su s  
P o ta m o g e to n  z o s t e r i f o r m i s  
N ite l la  f le x i l i s
C. O PE N : h o r iz o n ta l  s p a c e  b e tw e e n  in d iv id u a ls  not m o r e  th an  tw ice  
th e  d ia m e t e r  of th e  p la n t  s p e c ie s
R an u n cu lu s  a q u a t i l is  
P o ta m o g e to n  f r i e s i i  
N a ja s  f le x i l i s
D. SPA RSE: h o r iz o n ta l  s p a c e  b e tw e e n  in d iv id u a ls  g r e a t e r  than  
tw ic e  th e  p la n t  d i a m e te r
C e ra to p h y l lu m  d e m e r s u m  
U t r i c u la r i a  v u lg a r i s  
P o ly g o n u m  am p h ib iu m  
S a g i t t a r ia  c u n e a ta  
I s o e te s  s p p .
C a l l i t r i c h e  h e r m a p h r o d i t i c a
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C a l l i t r i c h e  h e r m a p h r o d i t i c a , Z a n n ic h e l l ia  p a l u s t r i s , and P o lygonum  
a m p h ib iu m  w h ich  g e n e r a l ly  r e p r o d u c e  s e x u a l ly  e x h ib ite d  a  m u ch  m o re  
open  p a t t e r n .  A lso  in c lu d ed  in th i s  c a te g o ry  a r e  th e  f re e - f lo a t in g  
s p e c ie s  C e r a t  ophy llum  d e m e r s u m  and  U t r i c u la r i a  v u lg a r i s ; h o w ev e r ,  
t h e i r  open  p a t t e r n  is  m o r e  l ik e ly  a  func tion  of t h e i r  f r e e - f lo a t in g  
m o b i l i ty  r a t h e r  th a n  t h e i r  r e p r o d u c t iv e  m e c h a n i s m s .
P la n t s  w h ich  w e r e  known to  r e p r o d u c e  bo th  s e x u a l ly  and 
v e g e ta t iv e ly  ex h ib ited  h o r iz o n ta l  p a t t e r n s  in t e r m e d ia te  to  th e  two 
ab o v e  g ro u p s .  In c lu d e d  in  th i s  g ro u p  a r e  P o ta m o g e to n  p e c t in a tu s , 
P o ta m o g e to n  r i c h a r d s o n i i , and  P o ta m o g e to n  p r a e lo n g u s .
S t r a t i f i c a t io n . P la n t  d i s t r ib u t io n  in  v e r t i c a l  s p a c e  (T ab le  5) 
w as  found to  b e  a d i r e c t  fu n c tio n  of w a te r  dep th  (F ig . 20). G round  
p la n ts  of low s t a t u r e  w e r e  g e n e r a l ly  l im i te d  to  the  sha llow  w a te r  of 
th e  s h o r e l i n e  a r e a s .  T he  e x c e p t io n  in  th is  c a s e  is  L em n a  t r i s u l c a  
w h ich  w as  found in  th e  d e e p e r  w a te r s  of L o w e r  L ak e .
T a l l  s u b m e rg e d  m a c r o p h y te s  w e r e  g e n e r a l ly  found in th e  
d e e p e r  la k e  w a t e r s .  It i s  a  w e l l - e s t a b l i s h e d  fa c t  th a t  d e e p e r  w a te r  
p ro d u c e s  t a l l e r  p la n ts  (S c u lth ro p e  1967, F e r n a ld  1932); h o w ev e r, 
s in c e  t a l l  p la n ts  g ro w in g  in sh a llo w  w a t e r  w e r e  t a l l e r  th an  low s t a tu r e  
g ro u n d  p la n t s ,  i t  i s  a s s u m e d  th a t  th e s e  p la n ts  r e p r e s e n t  a t r u e  canopy 
a m o n g  th e  s u b m e rg e d  m a c r o p h y te s  r a t h e r  th a n  ju s t  a  r e s p o n s e  to  
in c r e a s in g  la k e  dep th .
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T ab le  5
S t r a t i f ic a t io n  of S u b m erg ed  M a c ro p h y te s
A. GROUND PLA N TS: v e r t i c a l  he igh t l e s s  th an  1 foot
C h a ra  v u lg a r i s  
L e m n a  t r i s u l c a  
I s o e te s  s p p .
S a g i t t a r ia  cu n e a ta  
N a ja s  f le x i l is  
N ite l la  f le x i l is  
C a l l i t r i c h e  h e r m a p h ro d i t i c a  
U t r i c u la r i a  v u lg a r i s  
H ip p u r is  v u lg a r i s
B. IN T E R M ED IA TE  PLA N T S: v e r t i c a l  h e ig h t 1-3  f e e t
M y rio p h y llu m  s p ic a tu m  
P o ta m o g e to n  fo l io su s  
P o ta m o g e to n  f r i e s i i  
P o ta m o g e to n  p u s i l lu s  
P o ta m o g e to n  z o s t e r i f o r m i s  
R an u n cu lu s  a q u a t i l i s  
Z a n n ic h e l l ia  p a l u s t r i s
C . T A L L  PLA N TS: v e r t i c a l  h e ig h t g r e a t e r  th a n  3 fe e t
P o ta m o g e to n  p e c t in a tu s  
P o ta m o g e to n  r i c h a r d s o n i i  
P o ta m o g e to n  p ra e lo n g u s  
E lo d e a  c a n a d e n s is  
C e ra to p h y l lu m  d e m e r s u m  
P o ly g o n u m  am p h ib iu m
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U t r i c u l a r i a  v u l g a r i s  
H i p p u r i s  v u l g a r i s  
P o t a m o g e t o n  fo l io s u s  
I s o e t e s  sp p .  
N a j o s  f l e x i l i s  
C a l l i t r i c h e  h e r m a p h r o d i t i c a  
N i t e l l a  f l e x i l i s  
S a g i t t a r i a  c u n e a t a  
P o t a m o g e t o n  f r i e s i i  
Z a n n ic h e l l i a  p a l u s t r i s  
R o n u n c u lu s  a q u a t i l i s  
M y r i o p h y l lu m  s p i c a t u m  
C h a r a  v u l g a r i s  
P o t a m o g e t o n  p u s i l lu s  
P o t a m o g e t o n  z o s t e r i f o r m i s  
P o t a m o g e t o n  r i c h a r d s o n i i  
P o t a m o g e t o n  p e c t i n a t u s  
C e r a t o p h y l l u m  d e m e r s u m  
l e m n a  t r i s u lc a  
E l o d e a  c a n a d e n s i s  
P o t a m o g e t o n  p r a e l o n g u s
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U tr ic u la r i a  v u lg a r i s  and  C e ra to p h y llu m  d e m e r s u m  note  
s p e c ia l  m e n tio n  in  r e g a r d  to  t h e i r  s t r a t i f i c a t io n .  Due to  th e i r  long 
le n g th , b o th  s p e c ie s  a r e  te c h n ic a l ly  t a l l  p la n ts ;  h o w e v e r ,  U t r ic u la r i a  
v u lg a r i s  b e c a u s e  of i t s  f r e e - f lo a t in g  g ro w th  fo rm  is  u su a l ly  o r ie n te d  
in  a  h o r iz o n ta l  m a n n e r ,  s o  th a t  i ts  v e r t i c a l  s p a t i a l  com ponen t w as 
m in im a l  and  not un like  a  g ro u n d  p la n t .  C e ra to p h y llu m  d e m e r s u m , on 
th e  o th e r  hand , u s u a l ly  f lo a ts  v e r t i c a l l y  s o  th a t  it  w as  c la s s i f ie d  a s  a 
ta l l  p la n t .
Z o n a t io n . S u b m e rg e d  m a c ro p h y te s  of th e  R efuge exh ib ited  
z o n a tio n a l  r e s p o n s e s  to  in c r e a s in g  la k e  d ep th s  (F ig . 20). The 
g r e a t e s t  e ffec t  of w a te r  d ep th  is  upon s p e c ie s  d iv e r s i ty  (F ig . 21).
In sh a llo w  d e p th s  s p e c ie s  d iv e r s i ty  w as  l im i te d  p r i m a r i l y  to  
g ro u n d  p la n ts  and  in  th e  d e e p e r  la k e  r e g io n s  d iv e r s i ty  w as l im ite d  to  
t a l l  p la n t s .  S p ec ies  d iv e r s i ty  w as  g r e a t e s t  in  in te rm e d ia te  dep ths  
f ro m  2 -3  fe e t .
T h e  h igh  s p e c ie s  d iv e r s i t y  a t  th e  in te rm e d ia te  dep ths  is 
g e n e r a l ly  a t t r ib u ta b le  to  th e  p la n ts  w hich  c o m p r i s e  the  in te rm e d ia te  
h e ig h t c l a s s ;  h o w e v e r ,  a n o th e r  f a c to r ,  not r e a d i ly  a p p a re n t  in F ig .  21, 
is  r e s p o n s ib le  f o r  in c r e a s e d  s p e c ie s  d iv e r s i ty  a t  in te rm e d ia te  dep th s .
T he dep th  r a n g e s  f o r  ea ch  s p e c ie s  in  F ig u r e  20 in d ic a te  a 
g r e a t  o v e r la p  of s p e c ie s  zo n a tio n  a t  in te r m e d ia te  dep ths  (2-3 fee t) .
Not on ly  do th e  g ro u n d  p la n ts  g r a d e  in to  th e  in te r m e d ia te  dep ths  f ro m
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F ig u re  21, V a ria tio n  in  s p e c ie s  d iv e r s i ty  w ith  chang ing  lake
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th e  s h o r e l i n e  a r e a s ,  b u t  th e  t a l l  p la n ts  a l s o  g r a d e  in to  th e  i n t e r ­
m e d ia te  d ep th s  f ro m  th e  deep  la k e  c e n te r s .  T h is  phenom enon  w as 
o b s e rv e d  r e p e a te d ly  d u r in g  th e  m ap p in g  w o rk  w hen  a s  m an y  as  1 1  
s p e c ie s  of p la n ts  w e r e  r e c o r d e d  w ith in  a s q u a r e  m e t e r  p lo t  a t  dep ths  
f ro m  2 -3  fe e t .  T h e se  p la n ts  in c lu d ed  s p e c ie s  f r o m  a l l  he igh t c l a s s e s .
C o n v e rs e ly ,  s a m p le  p lo ts  ta k e n  in  d ep th s  l e s s  than  1. 5 fe e t  
o r  in  r e g io n s  g r e a t e r  th a n  5. 0 f e e t  u s u a l ly  co n ta in ed  l e s s  than  th r e e  
s p e c ie s  w ith in  a s q u a re  m e t e r  p lo t .
C o v e r a g e . B e c a u s e  p re v io u s  aq u a tic  p lan t s u rv e y s  w e re  
c o n c e rn e d  p r i m a r i l y  w ith  d e te rm in in g  p ro d u c t io n  of w a te rfo w l food 
p la n ts ,  p la n t  ab u n d an ce  w as  u s u a l ly  m e a s u r e d  in  t e r m s  of s tan d in g  
c ro p  b io m a s s  and  e x p r e s s e d  a s  th e  to ta l  to nnage  of w et p la n ts  on a 
p e r  la k e  b a s i s .  W hile  to n n ag e  e s t im a te s  a r e  u se fu l  f o r  food s tu d ie s ,  
in  t e r m s  of p h y to g e o g ra p h y  and  s u c c e s s io n  t h e i r  m ean in g  is often 
o b s c u re  and  th e  n u m b e r s  bu lky .
F o r  th is  r e a s o n ,  to ta l  a c r e a g e  c o v e r  of e a c h  s p e c ie s  
(Appendix VI), w as s e le c te d  to  e x p r e s s  p lan t ab u n d an ce  in th e  hope 
tha t a c r e a g e  w ould b e  m o r e  m e an in g fu l in d e te rm in in g  fu tu re  c o m p o ­
s i t io n a l  c h a n g e s .  In  o r d e r  of d e c r e a s in g  m a g n itu d e ,  P o ta m o g e to n  
r i c h a r d s o n i i , P .  p e c t in a tu s ,  and M y rio p h y llu m  e x a lb e s c e n s  a r e  the  
t h r e e  m o s t  abundan t s p e c ie s  o c c u r r in g  in  th e  R efuge  la k e s .
P o lygonum  am p h ib iu m  did  no t o c c u r  in  any  of th e  1 , 126
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s a m p le  p lo ts  and t h e r e f o r e  is  d e le te d  f r o m  A ppendix  VI. Due to  the  
s p a r s e  o c c u r r e n c e  of th i s  p la n t  it i s  a s s u m e d  th a t  its  o v e ra l l  Refuge 
a b u n d a n ce  is  l e s s  than  th a t  of C a l l i t r i c h e  h e r m a p h r o d i t i c a , th e  l e a s t  
ab u n d an t s p e c ie s  s a m p le d .
O v e r a l l  p la n t  c o v e ra g e  in e a c h  la k e ,  e x p r e s s e d  a s  th e  p e r c e n t  
of la k e  b o tto m  v e g e ta te d ,  w a s  found to  b e  s t r o n g ly  c o r r e l a t e d  w ith  the  
a v e ra g e  la k e  d ep th  (F ig . 22). T h is  is  no t s u r p r i s in g  in  l igh t of p r e ­
v io u s  f in d in g s  p e r ta in in g  to  p la n t  d iv e r s i ty  and  w a te r  dep th  (F ig . 21).
Shallow  w a te r  b o d ie s  s u c h  a s  Swan L ak e  and  R iv e r  M a rs h  
r e p r e s e n t  s u c c e s s io n a l ly  old la k e s  w h e re  p la n t  g ro w th  i s  abundan t. 
D e e p e r  w a te r  b o d ie s ,  e i th e r  n a t u r a l  o r  m a n -m a d e ,  a r e  s u c c e s s io n a l ly  
y o u n g e r  and  p lan t g ro w th  is  l e s s  abundan t due to  e i th e r  d e c r e a s e d  
l igh t a t  d e e p e r  d e p th s ,  o r  in c r e a s e d  d is tu rb a n c e  ( g r e a t e r  w ave a c t io n  
o r  r e c e n t  c o n s t ru c t io n  a c t iv i t ie s ) .
G ro w th  c u r v e s  an d  p h en o lo g y . E lo d ea  c a n a d e n s is  show ed 
s te a d i ly  in c r e a s in g  g ro w th  f r o m  e a r l y  Ju n e  u n ti l  m id -A u g u s t  (F ig . 23). 
D ec lin e  in  s ta n d in g  c ro p  b io m a s s  d u r in g  la te  A ugust co in c id e s  w ith  
th e  r a p id  in flux  of t r u m p e t e r  sw an s  f ro m  th e  m a r s h  p r o p e r  fo llow ing  
th e  c o m p le t io n  of th e  s u m m e r  m o lt ,  and  th e  c o n g re g a t io n  of l a r g e  
f lo c k s  of m ig r a t in g  w a te r fo w l.  S ince  E lo d e a  c a n a d e n s is  does not d ie 
off d u r in g  th e  w in te r  (A ppendix  VIII), th e  d i f fe re n c e  b e tw een  th e  h igh  
s ta n d in g  c ro p  b io m a s s  in  A ugust and  th e  low  s ta n d in g  c ro p  in the
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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s p r in g  p ro b a b ly  r e p r e s e n t s  the  e x te n s iv e  h e r b iv o r y  th a t  o c c u rs  in 
W idgeon  and  C u lv e r  ponds d u r in g  th e  fa l l .  At th a t  t im e  w a te rfo w l 
p o p u la tio n s  a r e  h igh  due to  m ig r a t o r y  in f lu x es  and  hunting  p r e s s u r e s  
in  o th e r  a r e a s  of th e  R efuge .
E lo d e a  c a n a d e n s is  r e p r o d u c e s  a lm o s t  e x c lu s iv e ly  b y  v e g e ­
ta t iv e  m e a n s  (S cu lth ro p e  1967). A few m in u te  in f lo r e s c e n s e s  w e re  
no ted  in  C u lv e r  P o n d  in  m id - J u ly  and w e r e  s t i l l  p r e s e n t  in  e a r ly  
A ugust b u t no f r u i t s  w e r e  o b s e rv e d .  D o rm a n t  a p ic e s  w e re  no ted  in 
e a r l y  M ay and O c to b e r  of 1972.
P o ta m o g e to n  z o s t e r i f o r m i s  g e n e ra l ly  c e a s e d  g ro w th  by the 
f i r s t  of A ugust (F ig . 24). On 7 Ju ly  a p p ro x im a te ly  90 p e r c e n t  of the  
p la n ts  w e r e  f lo w e r in g  bu t no f r u i t s  w e r e  s e e n  d u r in g  th e  g row ing  
s e a s o n .  F e r n a ld  (1932) c o n s id e r s  th e  f lo w e r s  of P o tam o g e to n  
z o s t e r i f o r m i s  to  be  I n fe r t i l e .  W in te r  bud  fo rm a t io n  w as ex te n s iv e  
d u r in g  A ugust and  w as  s o  ad v a n ce d  b y  30 A ugust th a t  h a rv e s t in g  w as 
p r e v e n te d  due to  the  a d v a n c e d  s t a t e  of d ec o m p o s it io n .
In i t ia t io n  of g ro w th  in  S a g i t t a r ia  c u n e a ta  (F ig . 25) s e e m s  to  
b e  d e lay ed  in  c o m p a r i s o n  to  th e  o th e r  o b s e rv e d  s p e c ie s .  T h is  
d e lay ed  g ro w th  h ab i t  i s  p ro b a b ly  r e s p o n s ib le  f o r  th e  f a c t  th a t  
S a g i t t a r i a  cu n e a ta  w a s  s t i l l  g ro w in g  w hen  h a r v e s t in g  w as  te rm in a te d  
a t  th e  end of A ugust.  No f lo w e rs  w e r e  o b s e rv e d  on th is  p la n t  s in c e  
it  p e r e n n a te s  a lm o s t  e x c lu s iv e ly  b y  s t e m  tu b e r s  (S cu lth rope  1967). 
U n d e rg ro u n d  v e g e ta t iv e  s t r u c t u r e s  of S a g i t t a r ia  c u n e a ta  a r e  ea ten
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by  th e  t r u m p e t e r  sw an  and o th e r  w a te r fo w l w ith  g r e a t  r e l i s h ,  and as  
e a r l y  a s  30 Ju ly  p r a c t i c a l ly  a l l  of th e  p la n ts  w e r e  u p ro o ted  by  feed ing  
b i r d s .  A b o v e -g ro u n d  s t e m s  and  le a v e s  a r e  v i r tu a l ly  untouched  by  
w a te r fo w l.
G row th  of P o ta m o g e to n  r i c h a r d s o n i i  c o m m e n c e d  in  la te  May 
and  te r m in a te d  in  e a r l y  A ugust (F ig . 26). It w as  o b s e rv e d  th a t  
ro u g h ly  40 p e r c e n t  of th e s e  p la n ts  f lo w ered ; th e  r e m a in d e r  re p ro d u c e d  
v e g e ta t lv e ly  b y  r h iz o m e s .  B y 7 Ju ly ,  60 p e r c e n t  of the  f lo w erin g  
p la n ts  w e r e  In fu ll  b lo o m , 2 0  p e r c e n t  s t i l l  had  g r e e n  unopened f lo w er  
b u d s , and 2 0  p e r c e n t  w e r e  a l r e a d y  p o ll in a te d  w ith  m in u te  g re e n  
f r u i t s  b e in g  ev id en t.  By 2 A ugust a l l  p la n ts  w e r e  fu lly  f ru i te d  w ith  
l a r g e  g r e e n  s e e d  h e a d s .  By 30 A ugust n e a r ly  100 p e r c e n t  of th e  
s e e d s  h ad  b e e n  e a te n  b y  w a te rfo w l.
B y e x t ra p o la t in g  th e  g ro w th  c u rv e  of C h a ra  v u lg a r is  to  
24 A p r i l  1972 w hen Ic e  on th e  R efuge la k e s  b ro k e  up (S troops , p e r s .  
c o m m . ) and  th e  g row ing  s e a s o n  b eg an . It c a n  be  s e e n  th a t  th is  m a c r o -  
ph y tlc  a lg a  ex h ib ited  a  v e r y  r a p id  g ro w th  In e a r ly  s p r in g  (F ig . 2 7). 
Indeed , i t  w as  o b s e rv e d  th a t  l a r g e  c o n c e n tr a t io n s  of t r u m p e t e r  sw an s  
w e r e  a c t iv e ly  feed in g  on C h a ra  v u lg a r i s  in  e a r ly  May, w hen m a n y  of 
the  o th e r  s u b m e rg e d  m a c ro p h y te s  h ad  not y e t  e m e r g e d  f ro m  the  lak e  
s u b s t r a t e .  W h e th e r  th e  d e c l in e  in b io m a s s  in  la te  Ju n e  is due to  the  
t e r m i n a t i o n  of th e  g ro w in g  s e a s o n  o r  in c r e a s e d  h e r b  iv o ry  is  unknown. 
E x te n s iv e  oogon ia l d ev e lo p m e n t w as  n o ted  in la te  Ju n e .  T h is  In d ica tes
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th a t  h e r b iv o r y  ac c o u n te d  fo r  th e  d e c l in e  in b io m a s s  s in c e  i t  is  known 
th a t  th e  oogonia  of th e  C h a ra c e a e  a r e  ch o ice  w a te rfo w l food (M artin  
e t a l . , 1951).
P h e n o lo g ic a l  o b s e rv a t io n  of P o ta m o g e to n  p ra e lo n g u s  
in d ic a te s  th a t  i t  i s  one of th e  e a r l i e s t  p la n t  s p e c ie s  to  in i t ia te  g row th  
(F ig . 28). P la n ts  w e r e  in  fu l l  f lo w e r  by  19 Ju n e , and g r e e n  f ru i t s  
d ev e lo p ed  b y  7 Ju ly .  B y 21 Ju ly ,  90 p e r c e n t  of th e  s e e d  h e a d s  w e re  
e a te n  b y  w a te rfo w l and  b y  2  A ugust no s e e d s  w e r e  o b s e rv e d  on the 
p la n ts .  D u rin g  A ugust e x te n s iv e  d ev e lo p m e n t of w in te r  buds w as 
no ted  even  though F e r n a ld  (1932) n o tes  th a t  th is  is  u su a lly  a r a r e  
o c c u r r e n c e  in  th is  s p e c ie s .
T he  te rm in a t io n  of the  g row ing  s e a s o n  f o r  M yriophy llum  
s p ic a tu m , b a s e d  on th e  g ro w th  c u r v e s  fo r  th e  s p e c ie s  is  in co n c lu s iv e  
(F ig . 29). P la n ts  g ro w in g  on s i t e  #5, w h ich  f lo w e re d  e x te n s iv e ly  in  
m id - J u ly  and  dev e lo p ed  f ru i t s  in e a r ly  A ugust, exh ib ited  a con tinua lly  
in c r e a s in g  b io m a s s  th ro u g h o u t th e  h a r v e s t  s e a s o n .  P la n ts  a t  c o l ­
le c t io n  s i t e  # 6  d id  not f lo w e r  and  te r m in a te d  g ro w th  in e a r ly  A ugust. 
T he r e la t io n s h ip  b e tw e e n  th e  m o d e  of r e p ro d u c t io n  and d u ra t io n  of the  
g ro w in g  s e a s o n  is  unknown bu t t h e r e  a r e  in d ic a t io n s  th a t  th e  se x u a l ly  
r e p ro d u c in g  p la n ts  co n tin u ed  to  g row  lo n g e r  th a n  th e  p lan ts  th a t  r e p r o ­
d u ced  v e g e ta t iv e ly .  E x te n s iv e  w in te r  bud fo rm a t io n  w as noted a t 
b o th  s ig h t s .
P o ta m o g e to n  p e c t in a tu s  ex h ib ite d  a s te a d y  in c r e a s e  in p lan t
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b io m a s s  f r o m  la te  M ay to  m id -A u g u s t  (F ig . 30). Seed  p ro d u c tio n  w as 
e x te n s iv e  in  a l l  of th e  o b s e rv e d  p la n ts  a l though  d e p re d a t io n  by  w a t e r ­
fowl w a s  l ig h t .
C e ra to p h y llu m  d e m e r s u m  ex h ib ited  a  co n tin u a l in c r e a s e  in 
b io m a s s  th ro u g h o u t th e  e n t i r e  h a r v e s t in g  s e a s o n  (F ig . 31). S ince 
th is  p la n t  p e r e n n a te s  b y  d o rm a n t  a p ic e s  m u c h  l ik e  E lo d ea  c a n a d e n s is  
(Seulth ro p e  1967), it a p p e a r s  th a t  the  g row ing  s e a s o n  con tinues  m uch  
lo n g e r  th an  th a t  of o th e r  s u b m e rg e d  m a c r o p h y te s  w hich  o v e rw in te r  as 
w in te r  b u d s ,  s e e d s ,  o r  u n d e rg ro u n d  tu b e r s  and r h iz o m e s .  F lo w e rs  
w e r e  not o b s e rv e d  on th is  s p e c ie s .
T h u s , p h en o lo g ica l  o b s e rv a t io n s  of e igh t s e le c te d  s p e c ie s  
in d ic a te  th a t  the  g e n e r a l  g ro w in g  s e a s o n  t e r m in a te s  by m id -A u g u s t .  
G row th  c u rv e s  in d ic a te  s o m e  v a r ia t io n s  am ong  the  e igh t o b se rv e d  
s p e c ie s .  C h a ra  v u lg a r i s  and  P o ta m o g e to n  p ra e lo n g u s  a p p e a r  to be 
e a r l y  in i t i a to r s  of g ro w th  w ith  S a g i t t a r ia  cu n e a ta  be ing  a la te  g row th  
in i t i a to r .
P o ta m o g e to n  p e c t in a tu s  p ro d u c e d  th e  m o s t  abundant s e e d  c ro p  
w h ile  P .  p r a e lo n g u s , P .  r i c h a r d s o n i i , and  M y rio p h y llu m  s p ic a tu m  
p ro d u c e d  only  m o d e ra te  s e e d  c r o p s .  C e ra to p h y l lu m  d e m e r s u m ,
E lo d e a  c a n a d e n s i s , and  P o ta m o g e to n  z o s t e r i f o r m i s  re p ro d u c e d  e x c lu ­
s iv e ly  b y  v e g e ta t iv e  m e a n s .  C h a ra  v u lg a r i s  p ro d u c e d  ex tensive  
oogonia .
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A s s o c ia t io n . M any p h y to so c io lo g is ts  have  c o r r e l a t e d  p lan t 
d i s t r ib u t io n  w ith  c e r t a in  e n v i ro n m e n ta l  g ra d ie n ts  (B ea ls  1968, B ra y  
and  C u r t i s  1957, Sw indale and  C u r t i s  1957, and C u r t i s  and M cIntosh  
1951). T he  m a jo r i ty  of th e s e  s tu d ie s  w e r e  conduc ted  o v e r  l a r g e  
g e o g ra p h ic a l  a r e a s  w h e re  b r o a d  g r a d ie n ts  in e lev a tio n , s o i l s ,  c l im a te ,  
and  a s p e c t  o c c u r r e d .  The d if f icu lty  of m e a s u r in g  e n v iro n m e n ta l  
g r a d ie n ts  in  a  l im i te d  a r e a ,  su c h  as  the  R efuge, w h e re  c l im a te ,  
a s p e c t ,  and  e le v a t io n  a r e  e s s e n t i a l ly  co n s ta n t ,  is  obvious.
B e c a u s e  th e  a q u a tic  p la n ts  on the  R efuge re sp o n d  to a l l  
e n v i ro n m e n ta l  f a c to r s  a c t in g  upon th e m , th e y  can  b e  u sed  a s  in d i­
c a to r s  of th e  e n v iro n m e n t  in  w h ich  th e y  l iv e .  By e lu c id a tin g  the  
p h y to so c io lo g ic a l  r e la t io n s h ip s  of the  p la n ts  to  one a n o th e r ,  a  g r e a t e r  
in s ig h t  in to  the  in te r a c t io n  b e tw e en  p la n t  d is t r ib u t io n  and th e  e n v i ro n ­
m e n t  can  b e  ga ined . T h e  in i t ia l  p h y to so c io lo g ic a l  a p p ro a c h  w as 
d i r e c te d  a t  an  o rd in a t io n  of ind iv id u a l p la n t  s p e c ie s  (F ig . 32) r a th e r  
th a n  p la n t  c o m m u n it ie s  o r  s ta n d s .
S p a tia l  d is ta n c e  w ith in  th e  s p e c ie s  o rd in a tio n  m o d e l  is  a 
d i r e c t  r e f le c t io n  of p la n t  a s s o c ia t io n  te n d e n c ie s  su c h  th a t  s p e c ie s  
c lo s e  to g e th e r  a r e  s t r o n g ly  a s s o c ia te d  and  th o se  s e p a r a te d  by  g r e a t e r  
d i s t a n c e s  n e v e r  o r  r a r e l y  o c c u r  to g e th e r .
E ac h  p la n t  s p e c ie s  h a s  two n u m b e rs  (X and  Y) a c c o rd in g  to  
i t s  lo c a t io n  a long  th e  tw o a x e s  of th e  o rd in a t io n  w hich  C u r t i s  and 
M cIn to sh  (1951) r e f e r  to  a s  a d a p ta t io n  n u m b e rs .  T he  sp e c ie s
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d is t r ib u t io n  m a p s  in  A ppendix  V a r e  a r r a n g e d  s e q u e n tia l ly  a c c o rd in g  
to  t h e i r  *’X " a d a p ta t io n  n u m b e r s  s o  th a t  the  g ra d a t io n  in  p lan t d i s t r i ­
b u tio n  i s  v i s u a l ly  a p p a re n t .  S p ec ie s  w ith  h igh  " x "  ad ap ta t io n  v a lu e s  
a r e  g e n e r a l ly  m o s t  abundan t in  th e  R efuge ponds and sp e c ie s  w ith  low 
v a lu e s  a r e  m o s t  abundan t in  U p p er  and  L o w e r  la k e s .  In te rm e d ia te  
s p e c ie s  a r e  found in  Swan L ak e  and  th e  R iv e r  M a rsh .
E a c h  of th e  21 s p e c ie s  in  th e  o rd in a t io n  m o d e l  w as p la ced  
w ith in  one of fo u r  g ro u p s  b a s e d  on th e i r  g e n e r a l  tendency  to  a g g re g a te  
in  a  p a r t i c u l a r  p o r t io n  of th e  o rd in a t io n  m o d e l.  S p ec ies  in  g roup  I 
a r e  d e s ig n a te d  b y  d o ts ,  II b y  c i r c l e s .  III by s q u a r e s ,  and IV by t r i ­
a n g le s .  T h e  fo u r  g ro u p s  w ith in  th e  o rd in a t io n  of s p e c ie s  co inc ide  
c lo s e ly  w ith  th e  fo u r  g ro u p s  found in  the  o rd in a t io n  of the  la k e s  (F ig . 
33) w h e re  th e  n a tu r a l  b r e a k s  in  g ro u p in g  a r e  m o r e  ev iden t. To avoid  
co n fu s io n , th e  sy m b o ls  and  n u m b e r s  u se d  in  th e  s p e c ie s  o rd in a tio n  
a r e  u se d  s im u l ta n e o u s ly  f o r  the  la k e  o rd in a t io n  m o d e l.
E n v iro n m e n ta l  a n a l y s i s . Som e in d iv idua l d if fe re n c e s  
b e tw een  o rd in a t io n  g ro u p s  w e r e  n o ted  fo r  w h ich  no g e n e ra l i t i e s  could  
be  fo rm u la te d .  H ow ever, s t a t i s t i c a l  t r e a tm e n t  of the  2 5 e n v i ro n ­
m e n ta l  p a r a m e t e r s  u se d  in  th is  a n a ly s is  r e v e a le d  so m e  in te re s t in g  
t r e n d s  and  d i f fe re n c e s  (T a b le  6 ), A m ong th e  13 s o i l  p a r a m e te r s  
te s te d ,  no s ig n i f ic a n t  d i f fe re n c e s  in  p h o s p h o ru s ,  p o ta s s iu m , m a n ­
g a n e s e ,  m a g n e s iu m , so d iu m , and  p e r c e n ta g e  of sa n d  w e re  found in
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S p ec ie s  O rd in a t io n
G roup  I 
W a te r  Soil 
Low Mg++ . 10 High Fe++ . 10
High C a + + .10
G roup  IV 
W a te r  Soil 
Low C o lo r  . 10 Low Silt . 10 
Low F e ‘̂ _̂ . 10 High pH . 10 
Low NO3  . 10 Low F e ’̂ '*'. 10 
Low T u rb .  . 10 
Low SO4 " . 10 
High pH . 10
G roup  II
W a te r  Soil
Low C lay  . 10 
High O rg a n ic  
M a t te r  . 10 
High C a + + . 10
G roup III
W a te r  Soil
High pH . 10 High pH . 10 
Low Ca'*''^ . 10
L ak e  O rd in a tio n
I. U p p er  and  L o w e r  L a k e s
W a te r  
Low . 05
Soil
IV. M acD onald . W idgeon and 
C u lv e r  P o n d s
W a te r  
High H CO g-. 10 
High T o ta l  
H a rd n e s s  .1 0  
Low C o lo r  . 05 
Low Fe++ . 05 
Low S0 4 ~ . 05
Low NO3 " ,0 5
Low T u rb .  . 05
Soil 
Low Silt . 05 
High C la y .  05
II. R iv e r  M a rsh  
W a te r Soil
Low P O 4 " , 05 Low C lay  . 05
III. Swan Lake 
W a te r
High C o lo r  . 05 
High T o ta l  
H a rd n e s s  .0 5  
High Fe+"'' .0 5
High pH .0 5
Soil
High F e + + .01 
High Salt .0 5  
High Ca++. 01 
High C l a y . 05
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e i th e r  th e  la k e  o r  s p e c ie s  o rd in a t io n .  D is so lv e d  oxygen w as the only 
w a te r  p a r a m e t e r  th a t  did  not show any  s ig n i f ic a n t  d if fe re n c e  in e i th e r  
of the  t e s t e d  o rd in a t io n  m o d e ls .
W ith in  th e  la k e  o rd in a t io n  m o d e l  th e  g r e a t e s t  d if fe re n c e s  
no ted  w e r e  b e tw e en  th e  ponds and  the  m a r s h  p r o p e r .  Pond  w a te r s  can  
be  c h a r a c t e r i z e d  a s  b e in g  e x t r e m e ly  c l e a r  and  a lm o s t  s t e r i l e  of m any  
d is s o lv e d  n u t r ie n ts  found in  th e  m a r s h  p r o p e r .  The h igh  b ic a rb o n a te  
a lk a l in i ty  in  the  ponds i s  p ro b a b ly  due to  th e  c lo s e  p ro x im ity  of 
s p r in g s  w h e re  b ic a r b o n a te s  f ro m  su r ro u n d in g  l im e s to n e  d e p o s i ts  
e n t e r  th e  ponds f ro m  g ro u n d  w a te r .  T he  s ig n if ic a n t ly  s m a l l  am o u n ts  
of s i l t  in  th e  pond s o i l s  a r e  to  be  ex p ec ted , due to  th e  la ck  of fe e d e r  
s t r e a m s  w hich  w ould n o r m a l ly  c a r r y  s i l t  lo ad s  in to  th e s e  ponds.
E n v iro n m e n ta l  d a ta  c o l le c te d  in Swan L ake  show ed the  
g r e a t e s t  s ig n if ic a n t  d i f fe re n c e  w hen  c o m p a re d  to  o th e r  la k es  in  the  
m a r s h  p r o p e r .  C h a r a c t e r i s t i c a l l y ,  Swan L ake  h as  the  m o s t  h ighly  
c o lo re d  w a te r  in th e  R efuge . In ad d it io n . Swan L ake  w a te r  h a s  the 
h ig h e s t  pH and i r o n  c o n c e n t r a t io n s .  T he l a r g e  am o u n ts  of i r o n  in the 
w a te r  a r e  p ro b a b ly  due to  th e  l a r g e  am o u n ts  of a v a i la b le  i ro n  in the  
la k e  s u b s t r a t e .
Swan L ake  s o i l s  a r e  s ig n i f ic a n t ly  h igh  in  c a lc iu m  and th is  is 
p ro b a b ly  due  to  th e  e x te n s iv e  m a r l  p r e c ip i ta t io n  th a t  tak es  p la c e  in 
th is  la k e .  The h igh  c la y  f r a c t io n  in  th e  Swan L ake  s o i l s  is  p ro b ab ly  
due to  th e  a b s e n c e  of any  m a jo r ,  s i l t - l a d e n ,  f e e d e r - s t r e a m s .
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W a te r s  of th e  R iv e r  M a rs h  w e r e  s ig n if ic a n t ly  low in p h o s ­
p h a te s .  S ince th e  R iv e r  M a rs h  is  no t fed  d i r e c t ly  by  any  m a jo r  
s p r in g s  o r  s t r e a m s ,  m o s t  p h o sp h a te s  e n te r in g  the  m a r s h  f ro m  the  
s u r ro u n d in g  w a te r s h e d  a r e  p ro b a b ly  a s s im i l a t e d  o r  f ixed  b e fo re  they  
r e a c h  th e  R iv e r  M a rs h .
It is  r e a d i ly  a p p a re n t  th a t  the  d i f fe re n c e s  noted  in the  s p e c ie s  
o rd in a t io n  m o d e l  a r e  g e n e ra l ly  l e s s  s t a t i s t i c a l ly  s ig n if ic a n t  (T able  6 ) 
th a n  the  d i f f e re n c e s  no ted  in  th e  la k e  o rd in a t io n  m ode l. T his  is 
p ro b a b ly  due to  th e  fa c t  th a t  th e  g roup ing  in  the  s p e c ie s  m o d e l o v e r ­
lap p ed  la k e  b o u n d a r ie s .
P la n t  s p e c ie s  on the  le f t  of th e  s p e c ie s  o rd in a t io n  (Groups I 
and  II) w e r e  s ig n i f ic a n t ly  h ig h e r  in  s o i l  c a lc iu m . T h is  is  p ro b a b ly  due 
to  th e  f a c t  th a t  th e s e  s p e c ie s  g rew  in  th o s e  p o r t io n s  of the m a r s h  
p r o p e r  th a t  r e c e iv e d  d r a in a g e  w a te r  d i r e c t ly  f ro m  th e  l im e s to n e - r ic h  
C e n te n n ia l  M ounta ins .
T he r ig h t  s id e  of th e  s p e c ie s  o rd in a t io n  (G roups III and IV) 
i s  c h a r a c t e r i z e d  by  h igh  s o i l  and  w a te r  pH. T h is  phenom enon  is  
p ro b a b ly  a s s o c ia te d  w ith  the  p h o to sy n th e tic  a c t iv i ty  of l a rg e  s ta n d s  of 
c lo se d  v e g e ta t io n  s u c h  a s  C h a ra  v u l g a r i s , M y rio p h y llu m  s p ic a tu m , 
and E lo d e a  c a n a d e n s i s . O th e r  s ig n i f ic a n t  d i f fe re n c e s  in  the  s p e c ie s  
o rd in a t io n  m o d e l follow  th o s e  found in th e  la k e  o rd in a tio n .
T he  im p a c t  of th e  t e s te d  e n v i ro n m e n ta l  p a r a m e te r s  upon 
p la n t  d is t r ib u t io n  c a n  be  im p l ie d  f r o m  th e s e  m o d e ls ,  bu t th e  a c tu a l
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m e c h a n i s m s ,  t o l e r a n c e s ,  and  In te ra c t io n s  of e n v iro n m e n ta l  
p a r a m e t e r s  upon p la n t  d is t r ib u t io n  a r e  beyond  the sc o p e  of th is  
in v e s t ig a t io n .
S u c c e s s io n . T he  t e r m  "p la n t  s u c c e s s io n "  as  u sed  in  th is  
in v e s t ig a t io n  r e f e r s  to  ch an g es  in  the s t r u c t u r e  and co m p o sitio n  of 
v e g e ta t io n  w ith  t im e  (Shim w ell 1971). S p ec ies  co m p o s it io n  and f r e ­
q u en cy  d a ta ,  c o l le c te d  f ro m  p re v io u s  a q u a tic  m a c ro p h y te  s u rv e y s ,  
s e r v e  a s  th e  b a s i s  f o r  the  p la n t  s u c c e s s io n a l  d is c u s s io n .
U n fo r tu n a te ly ,  th e r e  a r e  no q u a n t i ta t iv e  r e c o r d s  of aqu a tic  
m a c ro p h y te  c o m m u n it ie s  p r i o r  to  B e e d 's  in i t ia l  s u rv e y  in 1955-56. 
T h e r e f o r e ,  d is c u s s io n  of a q u a tic  m a c ro p h y te  s u c c e s s io n  is l im i te d  to 
th e  d a ta  c o l le c te d  o v e r  th e  17 - y e a r - p e r io d  1955-1972 (Appendix VII).
S ince no l e s s  th a n  f ive  d if fe re n t  in v e s t ig a to r s  p a r t ic ip a te d  in 
th e  a q u a tic  m a c ro p h y te  s u r v e y s  d u r in g  th is  p e r io d ,  so m e  of the 
c h a n g es  in s p e c ie s  c o m p o s i t io n  and f re q u e n c y  m a y  r e f le c t  d if fe re n c e s  
in s a m p l in g  te ch n iq u es  and b ia s e s  of th e  ind iv idual in v e s t ig a to r s .  
D e sp i te  th e s e  d i f f ic u l t ie s ,  s o m e  v e r y  ev iden t s u c c e s s io n a l  t r e n d s  can  
b e  d i s c e r n e d  in  the  a q u a tic  m a c ro p h y te s  of the  Refuge.
E v e r y  s u rv e y e d  la k e  o r  pond ex h ib ited  an  in c r e a s e  in sp e c ie s  
d iv e r s i ty  o v e r  th e  p a s t  17 y e a r s .  W hile th is  i n c r e a s e  in th e  n u m b e r  
of s p e c ie s  r e c o r d e d  in ea c h  la k e  cou ld  b e  a  r e f le c t io n  of an  in c re a s e d  
in te n s i ty  of sa m p lin g ,  it  is  s u s p e c te d  th a t  i n c r e a s e s  in d iv e r s i ty  a r e
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a t t r i b u ta b l e  to  th e  ag in g  p r o c e s s  o c c u r r in g  in each  lak e .
It h a s  a l r e a d y  b e e n  e s ta b l i s h e d  (F ig . 21) th a t  p lan t d iv e r s i ty  
i n c r e a s e s  w ith  a d e c r e a s e  in  w a te r  dep th  to  a le v e l  of 2 fee t .  T hus, 
a s  la k e s  co n t in u a l ly  f i l l  in  w ith  s e d im e n ts  f ro m  th e  su r ro u n d in g  w a t e r ­
sh e d  th e y  b e c o m e  s h a l lo w e r  and  a f fo rd  a m o re  su i ta b le  h a b i ta t  fo r  a 
g r e a t e r  n u m b e r  of s p e c ie s .  T h is  th e o ry  is s u p p o r te d  by th e  fa c t  th a t  
p la n t  s p e c ie s  w h ich  w e r e  r e c e n t ly  r e c o r d e d  in the  la k e s  fo r  the  f i r s t  
t im e  (U t r i c u la r i a  v u l g a r i s , H ip p u r is  v u l g a r i s , I s o e te s  s p p . ,
C a l l i t r i c h e  h e r m a p h r o d i t i c a , and  N ite l la  f l e x i l i s ) a r e  a l l  shallow  
w a te r  p la n ts  (F ig . 20).
B e c a u s e  of i t s  r e l a t iv e l y  young ag e . W idgeon Pond len d s  
m u ch  in s ig h t  in to  th is  a g e - d i v e r s i t y  phen o m en o n . W idgeon Pond  w as 
f i r s t  s u rv e y e d  in  1966 w hen th e  to ta l  la k e  d iv e r s i ty  am oun ted  to  fo u r  
s p e c ie s  of aq u a tic  m a c ro p h y te s .  J u s t  f iv e  y e a r s  l a t e r ,  to ta l  d iv e r s i ty  
w as  12 s p e c ie s .  T h u s , i t  is  fe l t  th a t  a s  la k e s  ag e , s p e c ie s  d iv e r s i ty  
i n c r e a s e s .
F ig . 20 r e v e a l s  th a t ,  b a s e d  on the  a v e ra g e  r e c o r d e d  lak e  
dep th  f o r  ea c h  p la n t  s p e c ie s ,  d iv e r s i ty  d e c l in e s  a t  dep ths  l e s s  than  
1 foot. T h is  c o m p lic a t io n  s e e m s  to  p o s e  s o m e  d if f icu l t ie s  in g e n e r a l ­
iz in g  th e  d e p th - d iv e r s i ty  p h enom enon . H ow ever, w o rk  conducted  by  
S e e d  (1955-56) in  Swan L ak e  r e v e a l s  the  p ro b a b le  involved m e c h a n is m .
By p o s i t io n in g  s t e e l  fe n c e  p o s ts  a ro u n d  the  p e r ip h e ry  of 
e m e r g e n t  v e g e ta t io n  s ta n d s ,  B eed  (1958) show ed  th a t  Typha la t ifo l ia
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e n c ro a c h e d  76 in c h e s  f ro m  th e  s h o re l in e  of Swan L ak e  w h ere  depths 
w e r e  l e s s  th an  1 foo t d u r in g  th e  3 - y e a r  p e r io d  (1955-1958).
In view  of B e e d 's  f in d in g s ,  i t  s e e m s  p la u s ib le  to  m odify  the  
d iv e r s i ty -d e p th  g e n e ra l i ty  to  s ta te  th a t ,  a s  la k e  dep th  d ec lin e s  f ro m  
v e r y  deep  ( 6  to  9 fee t)  to  m o d e ra te ly  sha llow  (2 fee t)  d iv e r s i ty  of s u b ­
m e r g e d  aq u a tic  m a c ro p h y te s  i n c r e a s e s .  At sha llow  depths ( le s s  th an  
2  fee t)  s u b m e rg e d  m a c ro p h y te  d iv e r s i ty  d ec lin e s  due to  the  e n c ro a c h ­
m e n t  of s h o re l in e  e m e r g e n ts .
The p e r c e n ta g e  of th e  la k e  b o t to m s  c o v e re d  by  v eg e ta t io n  
show ed  so m e  in te r e s t in g  s u c c e s s io n a l  c h a n g es .  In B e e d 's  in i t ia l  
s u r v e y  of U pper L ak e  in  1955-56 , he  c a lc u la te d  th a t  the  lake  b o tto m  
w as  8 8  p e r c e n t  v e g e ta te d  and co m m e n ted  th a t ,  . . th e  v e r y  f e r t i l e  
b o tto m  s u p p o r ts  an  a lm o s t  u n b e l iev a b ly  abundant and lu x u r ia n t  p lan t 
g ro w th . " The 1971 s u r v e y  r e v e a le d  th a t  U p p er  L ake  w as only 44 
p e r c e n t  v e g e ta te d ,  and  ex h ib ited , e s p e c ia l ly  in  the  d e e p e r  c e n t r a l  
l a k e  r e g io n s ,  th e  g r e a t e s t  p a u c i ty  of su b m e rg e d  m a c ro p h y te s  of any 
s u rv e y e d  a r e a .  T h is  d r a m a t i c  change in U pper  L ake  s e e m s  to  be 
a t t r ib u ta b le ,  a t  l e a s t  in p a r t ,  to  a p h y s ic a l  a l te r in g  of the  m a r s h  
e n v iro n m e n t.
In a  fo llo w -u p  s tu d y  in  1958 B eed  no ted  tw o r e m a rk a b le  
c h a n g es  in  U pper  L ak e . F i r s t ,  la k e  dep th  m e a s u r e m e n ts  w e re  
a p p ro x im a te ly  12 in c h e s  d e e p e r  th a n  th e  1955-56 s u rv e y s .  Secondly, 
due to  th e  in c r e a s e d  la k e  dep th , w ave  a c t io n  had  re d u c e d  a  once
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v e r t i c a l  3 - fo o t-h ig h ,  s o i l  ban k  on the L a k e 's  n o r th  s h o r e  to  a g en tle  
s lo p in g  b e a c h .  A 100 - y a r d  w ide  s t r i p  of la k e  b o tto m  ad jacen t  to  th is  
s h o r e  w as  c o v e re d  w ith  a  new l a y e r  of s i l t  on w hich  no su b m e rg e d  
m a c ro p h y te s  g rew .
T he  p ro b a b le  c a u s e  of th is  phenom enon  w as the  c o n s tru c t io n  
of a w a te r  c o n tro l  s t r u c t u r e  in  1957 a t  th e  w e s t  b o u n d a ry  of the  m a r s h .  
The n e t  e ffec t of th is  s t r u c t u r e  w a s  th e  e lev a t io n  of w a te r  le v e ls  by  
a p p ro x im a te ly  1 foot o v e r  m u c h  of th e  m a r s h .  The in c re a s e d  s h o r e ­
l in e  e ro s io n  c a u se d  by  th e  in c r e a s e d  w a te r  dep th  r e s u l te d  in d r a s t i c  
in c r e a s e s  in  th e  s i l t a t io n  of U p p er  L ak e , w h ich  B eed  (1958) noted 
p ro b a b ly  r e t a r d e d  th e  n o r m a l  flow of w a te r  in  so m e  p a r t s  of the  
m a r s h .
In 1958 B eed  no ted  th a t  in c r e a s e d  s i l ta t io n  had c o m p le te ly  
p lugged  the  ou tle t  of Swan L ak e . T h is  cond ition  w as s t i l l  p re v a le n t  
in  1972; th e  ou tle t  w as  a lm o s t  c o m p le te ly  occ luded  by  s i l t .  B lockage 
of th e  o u tle t  is  p ro b a b ly  th e  r e a s o n  why dep th  m e a s u r e m e n ts  fo r  Swan 
L ake  ra n g e d  f ro m  1 to  11 in c h e s  in  1955-56 bu t a v e ra g e d  2 .1  fee t in 
1971.
T h e  s t r o n g  c o r r e l a t io n  b e tw een  lak e -b o tto m  v e g e ta t io n  and 
la k e  dep th  (F ig . 22) s u g g e s ts  th a t  th e  d e c l in e  in  th e  la k e -b o t to m  
v e g e ta t io n  of U p p er  L ak e  a f t e r  1957 i s ,  a t  l e a s t  in  p a r t ,  due to  the 
p h y s ic a l  a l t e r a t i o n  of th e  m a r s h  by  th e  w a te r  c o n t ro l  s t r u c t u r e  a t the 
w e s t  m a r s h  b o u n d a ry . T h is  th e o ry  i s  g iven  ad d i t io n a l  su p p o r t  by the
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fa c t  th a t  L o w e r  L a k e  w a s  81 p e r c e n t  v e g e ta te d  in  1955-56 bu t only 
64 p e r c e n t  v e g e ta te d  in  1971. V eg e ta t io n a l  d a ta  f o r  th e  o th e r  la k e s  in  
th e  m a r s h  p r o p e r  a r e  n o t a v a i la b le  b u t i t  c a n  b e  s e e n ,  a t  l e a s t  in 
U p p e r  and  L o w e r  l a k e s ,  th a t  i n c r e a s e d  la k e  dep ths  and s i l ta t io n  a s s o ­
c ia te d  w ith  th e  c o n s t ru c t io n  of th e  w a te r  c o n t ro l  s t r u c t u r e  ac ted  to  s e t  
b a c k  th e  p la n t  s u c c e s s io n  in  th e s e  la k e s .
A m ong th e  in d iv id u a l p la n t  s p e c ie s ,  th e  g r e a t e s t  s u c c e s s io n a l  
ch an g e  s in c e  1955 o c c u r r e d  in  E lo d ea  c a n a d e n s is , w h ich  exh ib ited  a 
m a rk e d  d e c lin e  th ro u g h o u t th e  e n t i r e  R efuge . B eed  (1956), in  d e s ­
c r ib in g  th e  g ro w th  of E lo d e a  c a n a d e n s is  in  U pper L ake , noted,
" E lo d ea  c a n a d e n s is  g ro w s  in  p u r e  s ta n d  o v e r  m u ch  of the  a r e a ,  
e s p e c ia l ly  in  th e  d e e p e r  w a te r .  " In 1971, E lo d ea  c a n a d e n s is  w as , 
f o r  th e  m o s t  p a r t ,  a lm o s t  n o n e x is te n t  in U p p er  L ake , e s p e c ia l ly  in  the  
d e e p e r  r e g io n s  w h e re  m o s t  of th e  la k e  b o tto m  w as b a r r e n .
S ta t i s t ic a l  a n a ly s is  of th e  s p e c ie s  o rd in a t io n  m o d e l (T ab le  6 ) 
e s ta b l i s h e d  th e  f a c t  th a t  th e  p r e s e n t  d is t r ib u t io n  of E lo d ea  c a n ad e n s is  
i s  r e s t r i c t e d  to  th o se  w a te r s  of m a rk e d  c l a r i ty  w h e re  the  la k e  b o tto m s  
a r e  low in  s i l t .  U p p e r  L a k e ,  h o w e v e r ,  r e p r e s e n t s  the  a n t i th e s is  of 
th is  cond ition , th e  s i l t  co n ten t  of th e  s u b s t r a t e  and  th e  tu rb id i ty  of th e  
w a te r  a r e  h igh .
T h e  im p a c t  of i n c r e a s e d  tu rb id i ty  and  s i l ta t io n  upon E lodea  
c a n a d e n s is  is  unknown. I t  s e e m s  a p p a re n t  f ro m  th e  e a r ly  w o rk  of 
B e ed  (1956) th a t  U p p er  L a k e ,  p r i o r  to  1957, w a s  v e r y  s ta b le  and
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s u p p o r te d  a  lu x u r ia n t  b o t to m  f lo ra .  U n d er  th o s e  co nd itions , d en se  
s ta n d s  of E lo d e a  c a n a d e n s is  p ro b a b ly  s ta b i l i z e d  th e  lak e  s u b s t r a t e  and 
k ep t th e  tu rb id i ty ,  g e n e ra l ly  a s s o c ia te d  w ith  s t r o n g  a f te rn o o n  w inds, 
to  a  m in im u m .
F o llo w in g  th e  c o n s t ru c t io n  of th e  lo w e r  c o n tro l  s t r u c t u r e  in 
1957, e le v a te d  la k e  le v e ls  and  th e  c o n c o m itan t  w ave a c tio n  r e s u l t e d  in 
i n c r e a s e d  s i l t a t io n  and tu rb id i ty  fo llow ed  b y  a d ec l in e  in  E lodea  
c a n a d e n s i s . It w as  c l e a r ly  ev id en t in 1971-72 th a t  th e  d is t ro p h ic  
cond itions  fo llow ing  1957 w e r e  s t i l l  ev iden t.
It is  s u s p e c te d  th a t  th e  deep  w a te r  in  th e  c e n te r  of U pper 
L ak e  (5 to  7 fee t)  r e s t r i c t s  th e  in v a s io n  of m o s t  s u b m e rg e d  a q u a t ic s .  
At th e  t im e  of th is  in v e s t ig a t io n ,  th e  only  aq u a tic  m a c ro p h y te s  w hich  
have  r e in v a d e d  th o s e  a r e a s  in  U pper  L ak e  w hich  p re v io u s ly  su p p o r te d  
E lo d e a  c a n a d e n s is  a r e  P o ta m o g e to n  p r a e lo n g u s , P .  p e c t in a tu s , and to  
a  l e s s e r  d e g re e  P .  r i c h a r d s o n i i . G row th  of th e s e  a q u a tic s  w as 
s p a r s e ,  and  due to  t h e i r  open g ro w th  p a t te r n ,  th ey  have  done v e r y  
l i t t l e  to  s ta b i l i z e  th e  d is t r o p h ic  co n d itions  of U pper L ake .
T he  tu r b id i ty - s i l t a t io n  th e o ry  fa i ls  to  acco u n t fo r  th e  g e n e ra l  
d e c l in e  in  E lo d e a  c a n a d e n s is  in th e  ponds and  L o w e r  Lake w h e re  
tu r b id i ty  and  s i l t a t io n  a r e  no t a  p ro b le m . A p la u s ib le  exp lanation  
l i e s  in  th e  pheno logy  of E lo d e a  c a n a d e n s is  and  th e  feed ing  h ab i ts  of 
th e  t r u m p e t e r  sw an .
A ppendix  VIII r e v e a l s  th a t  of a l l  th e  s u b m e rg e d  m a c ro p h y te s
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o c c u r r in g  on th e  R e fuge , on ly  E lo d e a  c a n a d e n s i s . C e ra to p h y llu m  
d e m e r s u m , and  L e m n a  t r i s u l c a  r e m a in  d o rm a n t  d u r in g  the w in te r  
m o n th s  w h en  th e  la k e s  a r e  f ro z e n  o v e r .  C o n seq u en tly , E lodea  
c a n a d e n s is  r e p r e s e n t s  one of th e  few a v a i la b le  food p lan ts  fo r  the 
t r u m p e t e r  sw an  fo llow ing  s p r in g  b re a k u p  of the  lakes .
F ood  s tu d ie s  co n d u c ted  in  1971 b y  R efuge p e r s o n n e l  r e v e a le d  
th a t  E lo d e a  c a n a d e n s is  is  th e  p r e f e r r e d  food p la n t  of the  t r u m p e te r  
sw an . E lo d ea  c a n a d e n s is  is  a c t iv e ly  s e le c te d  o v e r  o th e r  su b m e rg e d  
a q u a t ic s .
S tud ies  co n d u c ted  b y  P a g e  (1971, 1972) r e v e a le d  tha t the 
t r u m p e t e r  sw an  p o p u la tio n  of th e  R efuge p ea k ed  in  1954. B e fo re  tha t 
t im e  E lo d e a  c a n a d e n s is  w a s  ab u n d an t th ro u g h o u t th e  Refuge (Beed 
1956). D u rin g  th e  1 8 - y e a r  p e r io d  f ro m  1954-1972, the r e s id e n t  sw an 
p o p u la tio n  w as  m a in ta in e d  a t  a n  a r t i f i c i a l ly  h igh  le v e l  by  w in te r  
feed in g  p r o g r a m s  co n d u c ted  b y  R efuge p e r s o n n e l .  D uring  th a t  p e r io d ,  
th e  sw an s  a c tu a l ly  e x c e e d e d  the  n a tu r a l  c a r r y in g  c a p a c ity  of th e  ra n g e  
(P a g e ,  p e r s .  c o m m . ).
S ince  t r u m p e t e r  sw a n s  have  ex c ee d ed  th e i r  c a r r y in g  c a p a c i ty  
fo r  th e  p a s t  18 y e a r s  and  th e y  a c t iv e ly  s e l e c t  E lo d ea  c a n a d e n s is , it 
s e e m s  p la u s ib le  th a t  th e  b i r d s  h av e  o v e rg ra z e d  th e  p lan t and c o n ­
t r ib u te d  to  i ts  d e c l in e .  T h is  th e o ry  is  su p p o r te d  by  o b se rv a t io n s  
m a d e  b y  B eed  in  1960 w ho n o ted  a  m a r k e d  ch an g e  in  th e  feed ing  
p a t t e r n s  of th e  t r u m p e t e r  sw a n s  on U p p er  L ak e . In 1960, sw ans w e re
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o b s e r v e d  feed in g  in  a r e a s  w h e r e  th e y  n e v e r  fed  in  1955-56. P o s s ib ly  
th is  ch an g e  in  feed in g  s i t e s  w as  a  d i r e c t  r e s p o n s e  to  dec lin ing  E lodea  
c a n a d e n s is  s ta n d s  fo llow ing  th e  1957 d is tu rb a n c e .
T he  c a u s e  and  a f fe c t  r e la t io n  b e tw e en  n u m b e rs  of t r u m p e te r  
sw an s  and  the  ab u n d an ce  of E lo d e a  c a n a d e n s is  is a  m a t t e r  of s p e c u ­
la t io n .  H ow ever , i t  is  in te r e s t in g  to  no te  th a t  th e  d ec line  of E lo d ea  
c a n a d e n s is  f ro m  1955-1972 c o in c id e s  w ith  a  d ec l in e  in  n u m b e rs  of 
t r u m p e t e r  sw an s  d u r in g  th e  s a m e  t im e  p e r io d  even  though th e  p r e s e n t  
p o p u la tio n  (1972) s t i l l  ex c e e d s  t h e i r  n a tu ra l  c a r r y in g  cap ac ity .
S c u lth ro p e  (1967), in  c o m m en tin g  on the  s p r e a d  of E lodea  
c a n a d e n s is  th ro u g h o u t th e  B r i t i s h  I s le s  and w e s t e r n  E u ro p e , noted 
th a t  a f t e r  in tro d u c t io n ,  E lo d e a  c a n a d e n s is  in c r e a s e d  v ig o ro u s ly ,  and 
r e a c h e d  a  m a x im u m  d e n s i ty  a f t e r  a  few m o n th s  to  4 y e a r s .  The 
ab u n d an ce  p h a se  p e r s i s t e d  f o r  a s  m a n y  a s  5 y e a r s .  Then, th e  p lan t 
b eg a n  to  w ane , s o m e t im e s  g r a d u a l ly  and  s o m e t im e s  v e r y  quickly , 
o c c a s io n a l ly  to  th e  p o in t  of c o m p le te  ex tin c tio n  in lo c a l  a r e a s .
T he  o v e ra l l  c o n c lu s io n  im p lie d  b y  S cu lth ro p e  (1967) w as th a t  
E lo d e a  c a n a d e n s is  co u ld  not m a in ta in  a lu x u r ia n t  and abundant g row th  
o v e r  long p e r io d s  of t im e .  T h u s , th e  d ec l in e  in E lo d ea  ca n ad e n s is  
ex h ib ited  on th e  R efuge cou ld  b e  a n a tu r a l  c o u r s e  of events  in  the  
g ro w th  h a b i t  of th e  s p e c ie s .
S a l i s b u ry  (1961) th e o r iz e d  th a t  the  d e c l in e  of E lodea  
c a n a d e n s is  in  E u ro p e  m a y  b e  due to  th e  f a c t ,  ” , . . th a t  so m e  m in e ra l
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n u t r ie n t  o r  n u t r ie n t s  ta k e n  up b y  th e  p lan t b e c o m e s  unduly d ep le ted . " 
W o rk  co n d u c ted  b y  O lse n  (1954) in d ic a te s  the  p o s s ib i l i ty  of i ro n  as  the  
l im i t in g  n u t r ie n t  in th e  g ro w th  of E lo d ea  c a n a d e n s is .
Soil a n a ly s is  d a ta  (Appendix II) in d ic a te  th a t  a v a i la b le  iro n  
cou ld  b e  l im i t in g  E lo d e a  c a n a d e n s is  g ro w th  on th e  Refuge. H i s to r ­
ic a l ly ,  Swan L ake  n e v e r  co n ta in e d  E lo d ea  c a n ad e n s is  beyond t r a c e
\
am o u n ts  p r i m a r i l y  b e c a u s e  of i ts  sha llow  d e p th s .  Yet, Swan Lake 
s o i l s  h av e  th e  h ig h e s t  (141-161 ppm ) c o n c e n tra t io n s  of av a ila b le  i ro n  
of any  la k e  s o i l s  t e s te d  on th e  R efuge.
L ak e s  w h ich  p r e s e n t ly  s u p p o r t  abundant s ta n d s  of E lo d ea  
c a n a d e n s is  have  th e  lo w es t  a v a i la b le  i ro n  c o n c e n tra t io n s  (Widgeon 
Pond , 62 ppm  and C u lv e r  P ond , 75 ppm ). U pper and L o w er  la k e s ,  
w h ich  bo th  r e c e n t ly  su p p o r te d  abundan t s ta n d s  of E lo d ea  c a n a d e n s is , 
a r e  l ik e w is e  low in  a v a i la b le  i ro n  (93 ppm  and 77 ppm , r e s p e c t iv e ly ) .  
S ta t i s t ic a l  t e s t s  c o m p a r in g  a v a i la b le  i r o n  w ith  th e  p e r c e n t  s p e c ie s  
c o m p o s i t io n  of E lo d ea  c a n a d e n s is  fo r  each  la k e  r e v e a l  a  c o r r e la t io n  
c o e ff ic ie n t  of -0 . 63.
T hus, p r e l im in a r y  r e s u l t s  in d ic a te  tha t th e  i r o n  d ep le tio n  
phen o m en o n  d e s c r ib e d  b y  S cu lth ro p e  (1967) and O lsen  (1954) could  be 
ac t in g  w ith in  th e  R efuge la k e s  to  l im i t  g ro w th  of E lo d ea  c a n a d e n s is . 
M o re  d e ta i le d  f ie ld  s tu d ie s  a r e  needed  b e fo re  any  c o n c re te  c o n c lu s io n s  
c a n  b e  d raw n .
T h e  d e c l in e  of E lo d e a  c a n a d e n s is  o v e r  th e  p a s t  17 y e a r s  is
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w e ll  d o c u m en te d .  A s w ith  m o s t  e c o lo g ic a l  p h en o m en a  the  ca u se  of the 
d e c l in e  i s  p ro b a b ly  due to  s e v e r a l  i n t e r r e l a t e d  f a c to r s ,  the  m o s t  
l ik e ly  b e in g  in c r e a s e d  s i l ta t io n  and tu rb id i ty  in  lo c a l iz e d  R efuge la k e s ,  
o v e r g r a z in g  b y  t r u m p e t e r  sw a n s ,  and m ic ro n u t r i e n t  dep le tion  ( iron).
T h e  la c k  of c o n s ta n c y  in  th e  ch an g es  of the  o th e r  su b m e rg e d  
m a c ro p h y te s  p ro h ib i t s  ad v an c in g  g e n e ra l iz a t io n s  r e g a rd in g  th e i r  
s u c c e s s io n .  T he r e c e n t  a p p e a ra n c e  and lo c a l  abundance  of L em na  
t r i s u l c a  and  C e ra to p h y l lu m  d e m e r s u m  w a r r a n t  f u r th e r  mentiorj.
P r i o r  to  1971, L e m n a  t r i s u l c a  w as  an  uncom m on p lan t in  
L o w e r  L ak e , y e t  in 1971 i t  c o m p r is e d  a lm o s t  34 p e r c e n t  of th e  v e g e ­
ta t io n  s a m p le d  in th a t  la k e .  P e r s o n a l  co m m u n ic a t io n  w ith  Refuge 
p e r s o n n e l  (P a p ik e , p e r s .  c o m m .)  in d ic a te s  th a t ,  in 1971-72, L em na  
t r i s u l c a  w as  occupying  th o s e  a r e a s  of L o w er  L ak e  th a t  once su p p o r ted  
s ta n d s  of E lo d e a  c a n a d e n s i s . Indeed , s t a t i s t i c a l  a n a ly s is  of s p e c ie s  
c o m p o s i t io n  d a ta  f ro m  p re v io u s  s u r v e y s  in d ic a te s  th a t  the  c o r r e la t io n  
b e tw e en  the  d e c lin e  of E lo d e a  c a n a d e n s is  and  th e  in c r e a s e  of L em na 
t r i s u l c a  in  L o w e r  L ak e  is  r e m a r k a b ly  s ig n i f ic a n t  ( r  = -0 . 99).
S e v e ra l  f e a tu r e s  of th e  p h y s io lo g y  and pheno logy  of L em n a  
t r i s u l c a  a r e  un ique am o n g  th e  R efuge a q u a t ic  f lo ra ,  and qu ite  
p o s s ib ly  c a n  ac co u n t f o r  th e  i n c r e a s e  of th is  p la n t.  A ppendix VIII 
r e v e a l s  th a t  L e m n a  t r i s u l c a  is  one of th e  few s u b m e rg e d  aq u a tic  
m a c r o p h y te s  on th e  R efuge th a t  l ie s  in  a d o rm a n t  s t a t e  du r in g  the  
w in te r  m o n th s .  T hus in  e a r l y  s p r in g ,  m a ts  of L e m n a  t r i s u l c a  can
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b e g in  new g ro w th  w ithou t m u c h  c o m p e ti t io n  f ro m  o th e r  su b m e rg e d  
m a c ro p h y te s .
In  c o m m e n tin g  on th e  g ro w th  h ab it  of th e  c lo s e ly  r e la te d  
s p e c ie s  L e m n a  m in o r . S cu lth ro p e  (1967), n o tes  th a t  L em n a  g row th  is  
g r e a t ly  en h an ced  b y  in c r e a s e d  am o u n ts  of su n lig h t.  It thus s e e m s  
p la u s ib le  th a t ,  a s  th e  la k e  b o t to m  b eg a n  to  open up w ith  the  d ec l in e  of 
E lo d e a  c a n a d e n s i s . L e m n a  t r i s u l c a  could  i n c r e a s e  i t s  abundance and 
r a n g e  b y  th e  in c r e a s e d  am o u n ts  of su n lig h t re a c h in g  th e  b o tto m  of 
L o w e r  L ak e . In ad d it io n , S cu lth ro p e  (1967) m e n tio n s  th a t  L em n a  
th a l l i  u s u a l ly  i n c r e a s e  ex p o n e n tia lly  s o  th a t  L em n a  t r i s u l c a  could  
co n c e iv a b ly  in vade  new ly  opened a r e a s  f a s t e r  than  o th e r  s p e c ie s  of 
s u b m e rg e d  m a c ro p h y te s .
T he  d e n s e ,  c lo s e d  p a t t e r n  of L e m n a  t r i s u l c a  m a ts  o c c u r  
a lm o s t  to  th e  c o m p le te  e x c lu s io n  of a l l  o th e r  s u b m e rg e d  m a c ro p h y te s .  
T h ey  th u s  a p p e a r  to  b e  v e r y  a f fe c t iv e  c o m p e t i to rs  f o r  th e  n u tr ie n ts  
and  l ig h t  in lo c a l  a r e a s  of L o w e r  L ak e . T he la c k  of L em n a  t r i s u lc a  
in  U pper L ak e  w h e re  E lo d e a  c a n a d e n s is  h a s  a l s o  d r a s t i c a l ly  d ec lin ed  
is  p ro b a b ly  due to  d e e p e r  w a te r  and  in c r e a s e d  tu rb id i ty  w hich  bo th  ac t  
to  l im i t  th e  am oun t of su n lig h t th a t  is  c r u c i a l  f o r  th e  g row th  of L em na 
t r i s u l c a .
A ppendix  VIII r e v e a l s  th a t  C e ra to p h y llu m  d e m e r s u m . l ik e  
L e m n a  t r i s u l c a , o v e rw in te r s  b y  d o rm a n c y .  T h u s , by  ly ing  d o rm a n t  
r a t h e r  th a n  d ec o m p o s in g , th e  p a r e n t  p la n ts  of C e ra to p h y llu m  d e m e r s u m
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h av e  l im i te d  c o m p e ti t io n  fo r  th e  a v a i la b le  n u tr ie n ts  im m e d ia te ly  
fo llow ing  s p r in g  b re a k u p  of ic e  on th e  la k e s .  The m o s t  s ig n if ican t 
i n c r e a s e s  in  C e ra to p h y llu m  d e m e r s u m  o c c u r r e d  in L ow er Lake and 
W idgeon P ond , bo th  a r e a s  w h e re  E lo d ea  c a n a d e n s is  h as  d ec lin ed . L ike 
L e m n a  t r i s u l c a , C e ra to p h y llu m  d e m e r s u m  a p p e a r s  to  be  invading 
a r e a s  th a t  w e r e  once  v e g e ta te d  by  E lo d ea  c a n a d e n s i s .
N u tr i t io n a l  a n a ly s i s . P r e l im i n a r y  n u t r i t io n a l  a n a ly se s  
(Appendix IX) of th e  a b o v e -g ro u n d  v e g e ta t iv e  s t r u c t u r e s  of 11 s e le c te d  
p la n t  s p e c ie s ,  in d ic a te  th a t  the  s u b m e rg e d  m a c ro p h y te s  of the  Refuge 
c o m p a re  fa v o ra b ly  w ith  a g r i c u l tu r a l ly  im p o r ta n t  fo ra g e  p lan ts  and 
s e e d s .  S a m p le s  of th e  w hea t (T r l t i c u m  a e s t iv u m ) w hich  is fed  to  the  
t r u m p e t e r  sw an s  d u r in g  w in te r  w as  a l s o  an a ly ze d  fo r  c o m p a ra t iv e  
p u r p o s e s .
T h e  ca lc iu m  co n ten t of the  p la n ts  ex am in ed  ex ceed s  the  
n o r m a l  r a n g e  of 1 .0 - 1 .  5 p e r c e n t  f o r  le g u m e s  (H a u sen b u il le r  1972) in 
e v e r y  c a s e .  High c a lc iu m  c o n c e n tra t io n s  a r e  e s p e c ia l ly  n o tic eab le  in 
C h a ra  v u l g a r i s , P o ta m o g e to n  z o s t e r i f o r m i s . P .  p e c t in a tu s , and P . 
p r a e lo n g u s . T he h igh  c a lc iu m  c o n c e n tra t io n  of th e  Refuge m a c ro p h y te s  
is  a t t r ib u ta b le  to  th e  c a lc a r e o u s  n a tu re  of the  la k e  w a te r s  and  the  
e x te n s iv e  fo rm a t io n  of m a r l  (CaCQ^) w hich  p r e c ip i t a t e s  as  a w hite  
c r u s t  on th e  le a v e s  of th e s e  p la n ts .
T he  p h o sp h o ru s  co n ten t of th e  m a c ro p h y te s  f a l l s  w ith in  the
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n o rm a l  r a n g e  f o r  m o s t  p la n ts  (H a u sen b u i l le r  1972). The a b o v e - 
a v e r a g e  p h o sp h o ru s  c o n c e n tr a t io n  in  S a g i t ta r ia  c u n e a ta  is  a t t r ib u ta b le  
to  i t s  l a t e  g ro w th  h a b i t  (F ig . 2 5), s in c e  p h o sp h o ru s  conten t is  u su a lly  
h igh  in a c t iv e ly  g ro w in g  p la n ts  (H a u se n b u i l le r  1972). The h igh  p h o s ­
p h o ru s  co n ten t  in  w h ea t i s  n o r m a l  f o r  s e e d s  (H a u se n b u il le r  1972).
T he a n a ly z e d  p la n ts  a r e  f a v o ra b ly  h igh  in  p ro te in .  The 
a v e ra g e  p r o te in  co n te n t  of th e  m a c ro p h y te s  ex am in ed  ex c ee d s  th a t  of 
b u ckw hea t and c o r n  (M cA tee 1939), o a ts  (M art in  et a l . ,  1951), 
p o l is h e d  r i c e ,  p e a r l e d  b a r l e y ,  and  c ra c k e d  w h ea t (M artin  and U h le r  
1939).
T he  c ru d e  fa t  co n ten t  of th e  ex a m in e d  p la n ts  fa l ls  below  the  
le v e l  of m o s t  of th e  c e r e a l  g r a in s  m e n tio n e d  above . T h is  phenom enon  
s e e m s  to  b e  in h e re n t  in  a q u a t ic  p la n ts  (M cA tee 1939, G o r tn e r  1934).
C ru d e  f ib e r  c o n te n ts  a r e  h ig h e r  th a n  th a t  of c e r e a l  g ra in s ;  
th is  i s  to  b e  ex p e c te d  c o n s id e r in g  th e  d i f fe re n c e s  in th e  p lan t p a r t s  
w h ich  w e r e  s a m p le d .  T h e  h igh  m o is tu r e  co n ten t in  c o m p a r is o n  to  
th a t  of t e r r e s t r i a l  p la n ts  i s  a l s o  to  b e  ex p e c te d  c o n s id e r in g  th e  in te rn a l  
p la n t  a n a to m y  and  th e  a q u a t ic  e n v i ro n m e n t  in w h ich  th e s e  p la n ts  g row .
T h u s , i t  c a n  b e  s e e n  th a t  n u t r i t io n a l  a n a ly s e s  of s e le c te d  
s p e c ie s  of s u b m e rg e d  m a c r o p h y te s  in d ic a te s  th a t  th e s e  p la n ts  a r e  v e r y  
n u t r i t io u s  food s o u r c e s .  T he  s e le c t iv i ty  of feed in g  w a te rfo w l w as  noted 
(T a b le  7). A m o r e  d e ta i le d  a n a ly s i s  of s e le c te d  p la n t  p a r t s  ( tu b e rs ,  
r h i z o m e s ,  s e e d s )  a t  d i f fe re n t  t im e s  of th e  y e a r  sh ou ld  r e v e a l  a m o r e
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c o n c lu s iv e  p ic tu r e  of th e  n u t r i t io n a l  v a lu e  of su b m e rg e d  m a c ro p h y te s .
F ood  p la n t  p r e f e r e n c e . The p r i m a r y  m a n a g e m e n t  ob jec tive  
of R ed  R ock  L a k e s  R efuge  is  th e  p r e s e r v a t io n  of the  n e s t in g  and 
r e s t i n g  h a b i ta t  of th e  t r u m p e t e r  sw an . T hus , any m a r s h  m an ip u la tio n  
d i r e c te d  to w a rd s  th e  s u b m e rg e d  m a c ro p h y te s  shou ld  c e n te r  a round  
en h an c in g  the  abundance  of th o s e  p la n t  s p e c ie s  p r e f e r r e d  by  t r u m p e te r  
s w a n s .
T he  r e l a t iv e  im p o r ta n c e  of s u b m e rg e d  m a c ro p h y te s  as  a food 
s o u r c e  fo r  w a te r fo w l is  w e l l  d o cu m en ted  {M artin  e t a l .  1951, Moyle 
and H o tch k iss  1945, M a r t in  and U h le r  1939, M cA tee 1939). T ab le  7 
s u m m a r i z e s  th e  im p o r ta n c e  of th e  s u b m e rg e d  m a c ro p h y te s  of the  
R efuge a s  food s o u r c e s  f o r  w a te r fo w l ( p r im a r i ly  ducks) b a s e d  on the 
f ind ings  of th e s e  a u th o r s .
U n fo r tu n a te ly ,  t h e r e  is  a  d e a r th  of in fo rm a tio n  on th e  food 
h a b i ts  and  p r e f e r e n c e s  of th e  t r u m p e t e r  sw an . M a r t in  e t a l .  (1951) 
e s ta b l i s h e d  th e  f a c t ,  b a s e d  on s ix  s to m a c h  a n a ly se s  of t r u m p e te r  
sw an s  c o l le c te d  in B r i t i s h  C o lu m b ia  and M ontana, th a t  P o tam o g e to n  
p e c t in a tu s  s e e d s  and v e g e ta t iv e  s t r u c t u r e s  c o m p r is e d  th e  bu lk  (60 
p e r c e n t )  of the  food p r e s e n t  in  th e  s to m a c h s .  V eg e ta tiv e  s t r u c t u r e s  
of R a n u n c u lu s , S a g i t t a r i a , and  S c irp u s  w e r e  p r e s e n t  in  l e s s e r  (2 - 10 
p e r c e n t )  a m o u n ts .
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T ab le  7
S u b m erg ed  F ood  P la n t  R a tin g s  fo r  W aterfow l
R a tin g S p ec ies P a r t s  C onsum ed
E x c e l le n t ^ P o ta m o g e to n  p e c t in a tu s  
* C h a ra  v u lg a r i s
s e e d s  and tu b e rs  
e n t i r e  p lan t
Good ^ S a g i t ta r ia  c u n e a ta  
P o ta m o g e to n  r i c h a rd s o n i i  
P o ta m o g e to n  f r i e s i i  
P o ta m o g e to n  fo lio s  us 
N a ja s  f le x i l is  
Z a n n ic h e l l ia  p a lu s  t r i s  
P o lygonum  am p h ib iu m  
L e m n a  t r i s u l c a
tu b e r s
se e d s
se e d s
se e d s  and le a v e s  
e n t i r e  p lan t 
s e e d s  
se e d s
e n t i r e  p lan t
F a i r I 'E lodea  c a n a d e n s is  
P o ta m o g e to n  p ra e lo n g u s  
P o ta m o g e to n  z o s t e r i f o r m i s  
P o ta m o g e to n  p u s i l lu s  
C e ra to p h y l lu m  d e m e r s u m  
R anuncu lus  a q u a t i l i s  
H ip p u r is  v u lg a r i s
s te m s  and le a v e s
s e e d s
s e e d s
s e e d s
s e e d s  and le a v e s
s e e d s
s e e d s
P o o r M y rio p h y llu m  s p ic a tu m s e e d s
* Im p o r  ta n t  food s o u r c e s  of t r u m p e t e r  sw a n s .
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B anko (1960), c o m m en tin g  on o b s e rv a t io n s  m ad e  in Y ellow ­
s to n e  P a r k ,  d o cu m en ts  th e  u s e  of P o ta m o g e to n  f i l i f o r m is , C a re x  
r o s t r a t a , E lo d ea  c a n a d e n s i s , L e m n a  t r i s u l c a , S a g i t ta r ia  c u n e a ta ,
C h a ra  s p p . , M y rio p h y llu m  s p p . , S c irp u s  s p p . , N uphar p o ly se p a lu m , 
and  S p a rg a n iu m  a u g u s t i fo l ia  a s  food s o u r c e s  of th e  t r u m p e te r  sw an.
E x a m in a t io n  of tw o t r u m p e t e r  sw an  s to m a c h s  in  1938 (Banko 
1960) r e v e a le d  443 and 597 tu b e r s  of P o tam o g e to n  p e c tin a tu s  in the  
s a m p le s .  L ea f  m a te r i a l  f ro m  C e ra to p h y llu m  d e m e r s u m  and se e d s  
f ro m  C a re x  s p p . , H ip p u ris  v u l g a r i s , S c irp u s  a c u tu s , S pargan ium  s p p . , 
and  Z a n n ic h e l l ia  p a l u s t r i s  w e r e  a l s o  r e c o rd e d .
T h u s , p r e l im in a r y  fo o d -h a b it  s tu d ie s  r e v e a l  th a t  th e  t r u m ­
p e t e r  sw an  is  a h igh ly  o p p o r tu n is t ic  f e e d e r ,  tak ing  a w ide v a r i e ty  of 
s u b m e rg e d  and e m e rg e d  p la n t  m a t t e r .  H ow ever, b a s e d  on p re v io u s  
s tu d ie s  and o b se rv a t io n s  d u r in g  1971-1972, s e v e r a l  p lan t s p e c ie s  
a p p e a r  to  b e  of p r i m a r y  im p o r ta n c e  to  adu lt  sw a n s .
V eg e ta tiv e  p la n t  p a r t s  of E lo d ea  c a n a d e n s is  a r e  a c t iv e ly  
e a te n  b y  th e  sw an s  w h e n e v e r  a v a i la b le .  T h is  p lan t p ro b ab ly  c o n ­
s t i tu te s  th e  m o s t  im p o r ta n t  s u b m e rg e d  food s o u r c e  b e c a u s e  of i ts  
p ro lo n g e d  a v a i la b i l i ty  and i t s  n o ta b le  p r e f e r e n c e  by  the  sw an s . C h a ra  
v u lg a r i s  i s  e x te n s iv e ly  fed  upon in  e a r l y  s p r in g  by  l a r g e  c o n c e n t r a ­
t io n s  of sw a n s .  T h is  phen o m en o n  s e e m s  to  b e  r e la te d  to  the e a r ly  
a v a i la b i l i ty  of th is  m a c ro p h y t ic  a lg a  (F ig . 27). T u b e r s  of S a g i t ta r ia  
c u n e a ta  a r e  r e l i s h e d  p e r h a p s  even  m o r e  th an  E lo d e a  c a n a d e n s is ,  but
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th e  l im i te d  ab u n d an ce  and  a v a i la b i l i ty  of th is  s p e c ie s  tends to  l im it  
i t s  im p o r ta n c e .  T u b e r s  of I’o tam ogeton  p e c tin a tu s  a r c  a lso  ac tiv e ly  
e a te n  by  th e  sw a n s .
In ad d itio n  to  th e  s u b m e rg e d  s p e c ie s ,  s e e d s  of the e m e rg e n t  
s e d g e s  (C a re x  s p p . ) a p p e a r  to  be  a  p r i m a r y  food s o u r c e  fo r  sw an s . 
T h e  g r e a t  abundance  of C a re x  s ta n d s  on the  R efuge r e p r e s e n t  an 
a lm o s t  in e x h a u s t ib le  food s o u rc e ;  h o w ev e r ,  a v a i la b i l i ty  of the  se d g es  
is  g r e a t ly  h a m p e re d  by  th e  d e n s e  g ro w th  w hich  m a k e s  m o s t  of the  
p la n ts  in a c c e s s ib le  to  feed in g  sw an s .
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C h a p te r  V 
SUMMARY AND CONCLUSIONS
A s tu d y  of th e  s u b m e rg e d  m a c ro p h y te s  of R ed Rock L ak e s  
N a tio n a l  W ild life  R efuge  in  s o u th w e s te rn  M ontana w as  conducted  f ro m  
Ju n e  1971 to  O c to b e r  1972, T he  s tu d y  a r e a  e n c o m p a sse d  the  5, 600 
a c r e s  c o m p r is in g  th e  s e v e n  m a jo r  la k e s  and ponds of the R efuge. The 
p r i m a r y  o b je c t iv e s  of th is  s tu d y  w e r e  to  d e te r m in e  the  d is t r ib u t io n ,  
ab u n d an ce , pheno logy , and  s u c c e s s io n a l  t r e n d s  of th e  su b m e rg e d  
m a c ro p h y te s ,  and  to  d e te r m in e  w hat c h e m ic a l  and  p h y s ic a l  f a c to r s  in 
th e  s o i l s  and w a te r s  of th e  R efuge  la k e s  a r e  im p o r ta n t  in re g u la t in g  
th e  d is t r ib u t io n  and  p ro d u c t iv i ty  of th e s e  p la n ts .
L a k e -b o t to m  s o i l s  w e r e  v e r y  f e r t i l e  w ith  h igh  c o n c e n tra t io n s  
of a v a i la b le  c a lc iu m , m a g n e s iu m , p o ta s s iu m ,  i ro n  and o rg an ic  
m a t t e r .  T he s o i l s  w e r e  s l ig h t ly  a lk a l in e ,  n o n sa l in e ,  and low in 
a v a i la b le  so d iu m  and p h o sp h o ru s .
R efuge  la k e s  and  ponds w e r e  r e m a r k a b ly  c l e a r  w ith  the 
e n t i r e  m a r s h  b e in g  a eu p h o tic  zone . T he an a ly z e d  w a te r s  w e re  
a lk a l in e ,  c a lc a r e o u s ,  and h a rd .  T u rb id i ty  of th e  w a te r s  v a r ie d  
d i r e c t ly  w ith  la k e  s i z e  and  c o lo r  v a r i e d  w ith  p ro x im i ty  to  ac id  p ea t  
s o i l s  of e m e rg e n t  C a re x  c o m m u n it ie s .  The b io lo g ic a l  and p h y s ic a l
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p r o c e s s e s  of p h o to s y n th e s is ,  d e c o m p o s it io n ,  and  s u m m e r  s ta g n a tio n  
c a u s e d  f lu c tu a t io n s  in  so lu b le  i ro n ,  s u l f a te s ,  n i t r a t e s ,  p h o sp h a te s ,  
and  d is s o lv e d  oxygen d u r in g  th e  s u m m e r  m o n th s .
R efuge  la k e s  w e r e  d im ic t ic  w ith  s t r a t i f i c a t io n  and s ta g n a tio n  
o c c u r r in g  d u r in g  s u m m e r .  A v e ra g e  dep th  and s h o re l in e  deve lopm en t 
w e r e  in d ic a to r s  of th e  s u c c e s s io n a l  ag e  of the  la k e s .  S tre a m  d i s ­
c h a rg e  m e a s u r e m e n t s  r e v e a le d  th a t  in f luen t and effluen t r a t e s  
d e c l in e d  th ro u g h o u t th e  s u m m e r  w ith  la k e  le v e ls  f lu c tu a tin g  a c c o r d ­
ingly; th e  m a g n itu d e  v a r i e d  w ith  p ro x im i ty  of f e e d e r  s t r e a m s  and 
sh a p e  of th e  la k e  b a s in .
P la n t  p a t t e r n  w as  a  func tion  of th e  r e p ro d u c t iv e  m e c h a n is m  
ex h ib ited  b y  in d iv id u a l s p e c ie s .  P la n t s  r e p ro d u c in g  v e g e ta t iv e ly  
ex h ib ited  a c lo sed  p a t t e r n ,  and  s e x u a l ly - r e p r o d u c in g  p la n ts  show ed a 
m o r e  open p a t te r n .  S t ra t i f ic a t io n  of m a c ro p h y te s  w as  d i r e c t ly  
r e l a t e d  to  w a te r  d e p th s ,  w ith  low s t a tu r e  g ro u n d  p la n ts  l im ite d  to  
sh a llo w  s h o r e l in e  a r e a s  and  t a l l  p la n ts  m o s t  abundan t in  th e  d e e p e r  
r e g io n s  of th e  la k e s .
Z o n a tio n  r e s p o n s e s  to  in c r e a s in g  la k e  dep ths  w e re  d e m o n ­
s t r a t e d  am o n g  th e  m a c r o p h y te s .  U t r i c u la r i a  v u lg a r i s  and H ippuris  
v u lg a r i s  o c c u r r e d  in th e  s h a l lo w e s t  la k e  r e g io n s ,  and  E lodea  c a n a ­
d e n s is  and  P o ta m o g e to n  p ra e lo n g u s  w e r e  r e s t r i c t e d  to  the deep es t  
r e g io n s .
S p e c ie s  d iv e r s i ty  in c r e a s e d  w ith  d e c r e a s in g  la k e  le v e ls  to a
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d ep th  of 2 f e e t .  E n c ro a c h m e n t  of e m e rg e n t  v e g e ta t io n  a t dep ths le s s  
th a n  2 f e e t  d e c r e a s e d  s u b m e rg e d  m a c ro p h y te  d iv e r s i ty .  T o ta l  p lan t 
ab u n d a n ce  e x p r e s s e d  a s  th e  p e r c e n ta g e  of th e  la k e  b o tto m  v eg e ta ted , 
w as  s t r o n g ly  c o r r e l a t e d  w ith  d e c r e a s in g  la k e  dep th s .
O b s e rv a t io n s  of e ig h t s e le c te d  m a c ro p h y te  s p e c ie s  in d ic a te  
th a t  the  g e n e ra l  g ro w in g  s e a s o n  te r m in a te d  by  m id -A u g u s t .  C h a ra  
v u lg a r i s  and  P o ta m o g e to n  p ra e lo n g u s  w e r e  e a r ly  in i t ia to r s  of grow th , 
and  S a g i t t a r ia  c u n e a ta  w as  a  la te  in i t ia to r .
O rd in a t io n  m o d e ls  and  s t a t i s t i c a l  t e s t s  show ed  tha t w a te r s  of 
W idgeon , C u lv e r ,  and  M acD onald  ponds  w e r e  s ig n if ic a n t ly  high in 
b ic a r b o n a te  a lk a l in i ty  and  to ta l  h a r d n e s s ,  and  low in w a te r  c o lo r ,  
i r o n ,  s u l f a t e s ,  n i t r a t e s ,  and  tu rb id i ty .  The pond s o i l s  w e re  s ig n i f i ­
c a n t ly  low  in  p e r c e n ta g e  of s i l t .  S p e c ie s  d i s t r i b u t io n  m ap s  re v e a le d  
th a t  E lo d e a  c a n a d e n s i s , Z a n n ic h e l l ia  p a l u s t r i s , C a l l i t r i c h e  
h e r m a p h r o d i t i c a , and  R a n u n cu lu s  a q u a t i l i s  w e re  m o s t  abundant in 
th e s e  p o n d s ,
L e m n a  t r i s u l c a , P o ta m o g e to n  p r a e lo n g u s , P .  f r i e s i i . P .  
z o s t e r i f o r m i s , Na.jas f l e x i l i s , N ite l la  f l e x i l i s , H ip p u r is  v u l g a r i s , 
S a g i t t a r ia  c u n e a ta , I s o e te s  s p p . , and  U t r i c u la r i a  v u lg a r i s  w e re  
r e s t r i c t e d  to  th e  m a r s h  p r o p e r  w h e r e  n u t r ie n t  l e v e ls  in the so i l  and 
w a te r  w e r e  h ig h e r  th a n  in  R efu g e  p o n d s .
T h e  g r e a t e s t  s u c c e s s io n a l  ch an g e  e x h ib ite d  by  the Refuge 
m a c r o p h y te s  d u r in g  th e  1 7 - y e a r  p e r io d ,  1955-1972 , w as  th a t  of
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E lo d e a  c a n a d e n s i s , w h ich  d e c lin e d  th ro u g h o u t a l l  of i ts  f o r m e r  ran g e . 
T he  d e c l in e  w as  a t t r ib u ta b le  to  p h y s ic a l  d is t ru b a n c e ,  o v e rg ra z in g  by 
t r u m p e t e r  sw a n s ,  and  m ic r o n u t r i e n t  d ep le tion . T he  r e c e n t  in c r e a s e  
in  L e m n a  t r i s u l c a  w as  s t r o n g ly  c o r r e l a t e d  to  th e  d ec l in e  in E lodea  
c a n a d e n s i s .
N u tr i t io n a l  a n a ly s i s  of s e le c te d  p la n t  s p e c ie s  r e v e a le d  tha t 
s u b m e rg e d  m a c ro p h y te s  a r e  n u t r i t io u s  food s o u r c e s  and c o m p a re d  
fa v o ra b ly  w ith  c e r e a l  g r a in s .
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A ppendix  I
Upland Soil A n a ly s is ,  R ed  R ock  L ak es  Refuge
Ju n e ,  1971
Site
No.
% O rg a n ic  
pH  M a t te r
P a r t s  P e r M illion
P h o s p h o ru s P o ta s s iu m N itra te M anganese
1 9. 4 3 .1 >123 h > 2 0 0 0  h 0 . 0 9. 34
2 8 . 9 3 .4 6 6  m > 2 0 0 0  h 0 . 0 13. 50
3 7. 9 > 5 . 7 2 5 v l 1596 h 2. 5 > 2 0 .
4 8 .4 > 5 , 7 48 1 > 2 0 0 0  h 1 . 0 > 2 0 .
5 6 . 9 > 5 . 7 103 h 1706 h 0 . 0 16. 26
6 6 . 7 > 5 . 7 40 1 1490 h 1 . 0 18. 2 0
7 6 . 9 > 5 . 7 1 0 0  h 1510 h 0 . 0 12. 04
8 7. 5 > 5 . 7 > 1 2 3  h > 2 0 0 0  h 2. 5 > 2 0
9 6 . 2 > 5 . 7 48 1 1360 h 0. 5 > 2 0
1 0 6 . 9 > 5 . 7 75 h 1294 h 0. 5 > 2 0
1 1 7. 3 > 5 . 7 2 5 v l 1426 h 1. 5 > 2  0
1 2 7. 4 > 5 . 7 43 1 1 1 0 2  h 4. 3 > 2  0
13 7. 5 > 5 . 7 3 v l 844 h 2 . 0 > 2 0
14 6 . 7 > 5 . 7 >123 h 1080 h 1. 5 > 2 0
15 7. 5 > 5 . 7 60 m 622 h 0. 5 14. 54
16 7. 0 > 5 . 7 123 h 1040 h 3. 3 > 2 0
17 7 .2 > 5 . 7 79 h 844 h 0 . 0 > 2 0
18 7. 6 > 5 . 7 34 1 270 h 0 . 0 > 2 0
19 7. 5 > 5 .  7 > 1 2 3  h 1040 h 1. 5 > 2 0
2 0 7. 6 5. 6 69 m 1230 h 0. 5 1 2 . 8 6
2 1 6 . 8 > 5 .  7 48 1 1618 h 0 . 0 1 1 . 60
2 2 6 . 6 > 5 . 7 123 h 826 h 0. 5 > 2 0
23 6 . 7 > 5 . 3 > 123 h 788 h 0 . 0 > 2  0
24 8 . 1 > 5 . 7 15 v l 714 h 1 . 0 12. 04
25 8 . 1 > 5 . 7 40 1 980 h 1 . 0 17. 78
26 6 . 5 > 5 . 7 93 h 1338 h 0. 5 > 2  0
27 6 . 5 > 5 . 7 107 h 960 h 0 . 0 > 2 0
28 7. 9 > 5 . 7 23 v l 344 h 0 . 0 > 2 0
29 8 . 7 2 . 8 5 v l 806 h 0 . 0 14. 54
30 6 . 4 > 5 .  7 103 h 586 h 0 . 0 > 2 0
31 7. 1 2. 4 75 h 494 h 0 . 0 9. 16
32 8 . 0 1. 7 48 1 476 h 0 . 0 1 6 .4 6
33 8 . 3 .2 5 43 1 176 m 0 . 0 6 . 84
34 7. 7 > 5 . 7 14 v l 324 h 4. 3 > 2 0
35 8 . 6 > 5 . 7 3 v l > 2 0 0 0  h 9. 0 > 2 0
36 8 . 9 > 5 . 7 34 1 > 2 0 0 0  h 3. 8 > 2 0
L eg e n d
v l - v e r y low m  - m e d iu m >  - m o r e  than
1 - low h -  h igh <  - l e s s  th a n
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A ppendix  I (continued)
S ite m eq /lO O g Soil P a r t s P e r  M illion
No. C a lc iu m M ag n es iu m Sodium Zinc Iron C opper
1 > 1 4 . 00 > 9 . 87 > 1 5 . 7 . 45 6 . 2 1. 9
2 > 1 4 .0 0 4. 80 8 . 49 . 82 8 . 6 . 8
3 > 1 4 .0 0 > 9 .8 7 . 96 . 89 7. 1 . 9
4 > 1 4 .0 0 > 9 . 87 > 1 5 . 7 1. 64 >30 . 0 5. 1
5 > 1 4 .0 0 > 9 . 87 . 73 3. 28 > 3 0 .0 1. 7
6 > 1 4 .0 0 > 9 . 87 . 73 > 4 .  0 > 3 0 .0 1 . 8
7 > 1 4 .0 0 > 9 .  87 .61 1 . 0 1 > 3 0 .0 1 . 2
8 > 1 4 . 00 > 9 . 87 1. 57 > 4 .  0 > 3 0 .0 1. 3
9 > 1 4 .0 0 > 9 .  87 . 73 > 4 .0 > 3 0 .0 3. 3
1 0 > 1 4 .0 0 8 . 06 . 61 > 4 .0 > 3 0 .0 1 . 1
1 1 > 1 4 .0 0 > 9 . 87 1. 32 > 4 .0 > 30 . 0 4. 3
1 2 > 1 4 .0 0 > 9 .  87 .6 1 > 4 .  0 > 3 0 .0 1. 5
13 > 1 4 .0 0 > 9 .  87 1. 32 > 4 . 0 >30. 0 2 . 6
14 > 1 4 .0 0 > 9 .  87 .6 1 > 4 .  0 > 3 0 .0 1 . 6
15 > 1 4 .0 0 8 .4 9 .4 7 > 4 .  0 >30. 0 1 . 2
16 > 1 4 .0 0 > 9 . 87 .4 7 > 4 .0 >30 . 0 1 .5
17 > 1 4 .0 0 > 9 . 87 .4 7 > 4 . 0 > 3 0 .0 2. 3
18 > 1 4 . 00 > 9 .8 7 .61 > 4 . 0 > 3 0 .0 8 . 0
19 > 1 4 .0 0 > 9 .8 7 .4 7 > 4 .0 >30. 0 1 .4
2 0 > 1 4 . 00 7. 70 .4 7 1. 72 19. 7 1 . 1
2 1 > 1 4 . 00 > 9 . 87 .4 7 1. 44 > 3 0 .0 2 .4
2 2 > 1 4 .0 0 > 9 .  87 .4 7 > 4 .  0 > 3 0 .0 1 .7
23 > 1 4 .0 0 > 9 .8 7 .4 7 3. 89 >30. 0 1 . 6
24 > 1 4 .0 0 > 9 .  87 . 73 1. 92 1 1 . 6 2 . 2
25 > 1 4 .0 0 > 9 . 87 .61 1. 72 2 9 .4 1 .3
26 > 1 4 . 00 8 .0 6 .4 7 > 4 .0 > 3 0 .0 1 .3
27 > 1 4 .0 0 5. 53 .4 7 2. 99 > 30 . 0 1 . 1
28 > 1 4 .0 0 > 9 .  87 . 73 2. 58 > 3 0 .0 1 .4
29 > 1 4 .0 0 > 9 .  87 1. 69 . 38 1 2 . 2 . 5
30 > 14 . 00 3. 09 . 47 > 4 .  0 > 3 0 .0 . 9
31 8 . 0 0 3. 09 .4 7 1 .2 4 22. 5 . 5
32 11. 36 2 .2 4 .6 1 . 67 > 3 0 .0 . 7
33 > 1 4 .0 0 1 . 0 2 .4 7 . 38 7.1 .3
34 > 1 4 .0 0 > 9 . 87 1 .4 4 > 4 . 0 > 3 0 .0 4. 6
35 > 1 4 .0 0 > 9 .  87 8 .4 9 .9 7 10 .4 1 . 0
36 > 1 4 .0 0 > 9 . 87 > 15 . 7 2. 33 2 2 . 2 . 9
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S ite
No. S a lt  H a z a rd  (m m hos) Soil T e x tu re
1 1 5 ,4  s t r o n g ly  s a l ty c lay
2 2 . 0  s l ig h t ly  s a l ty lo a m
3 1 . 8  ok lo am
4 2. 9 s l ig h t ly  s a l ty lo a m
5 0 . 8  ok lo a m
6 0 . 8  ok lo am
7 0 . 8  ok lo a m
8 2 . 0  s l ig h t ly  s a l ty lo a m
9 1 . 1  ok lo a m
1 0 0 . 8  ok lo a m
1 1 1. 5 ok lo a m
1 2 1 . 0  ok lo a m
13 2 , 2  s l ig h t ly  s a l ty lo a m
14 2. 4 s l ig h t ly  s a l ty san d y  lo am
15 1 . 0  ok lo a m
16 1 . 1  ok lo a m
17 0 . 6  ok lo a m
18 1 . 0  ok lo a m
19 1 . 0  ok lo a m
2 0 0 . 8  ok lo a m
2 1 0 . 8  ok lo a m
2 2 0 . 6  ok lo a m
23 0. 4 ok lo a m
24 0. 4 ok lo a m
25 0. 9 ok san d y  lo a m
26 0. 7 ok lo a m
27 0. 5 ok lo am
28 1. 3 ok lo a m
29 1. 3 ok sandy  lo a m
30 0. 4 ok san d y  lo am
31 0. 3 ok san d y  lo am
32 0. 5 ok sa n d y  lo a m
33 0. 3 ok sa n d y  loam
34 3. 0 s l ig h t ly  s a l ty lo a m
35 4. 6  m o d e ra te ly  s a l ty lo a m
36 4, 6  m o d e ra te ly  s a l ty lo a m
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S tream  D ischarge , Red Rock Lakes Refuge 
June 24 to Sep tem ber 1, 1971
S tream  D ischarge  (cubic ft. / s e c .  )
Gauging Station June 24 Ju ly  2 Ju ly  9 Ju ly  17 Aug. 2 Aug. 19 Sept. 1
Duff C r. 1 .45 1.62 1.39 1.06 .76 . 58 . 58
Collins C r . 3 .74 3.74 2 .24 1.28 . 58 .24 . 2 0
Humphrey C r , 8 . 8 6 3.75 2 .77 1.62 .6 0 .6 0 .38
Odell C r. 184.65 204.30 125.15 95.00 — — 43.00 38.30
Shambow C r . 28 .30 19.00 18. 90 13. 90 6.65 4 .40 2 . 2 1
Cole C r. 17.00 16.70 16.70 9.10 8 . 95 7.00 4 .9 3
Nye C r . 24. 80 19.00 19.00 1 2 . 0 0 8.35 6 . 0 0 3 .45
E a s t  Shambow C r. 7.85 7. 50 7.40 4 .30 5.52 5.00 4 .44
G rayling  C r . 15.00 15.00 15. 00 15.30 9.00 7. 75 6 .65
E a s t  Nye C r . 4. 70 3.00 3. 00 3.00 3.00 -  - — -
Lone Willow C r . 13.40 9.00 4. 60 3.30 1 . 0 0 dry d ry
Hackett C r . 4 .00 5.40 2 .24 2.17 d ry d ry d ry
Tom C r. 33.20 16. 30 16. 30 7.90 4.00 2 .78 1. 92
B attle  C r . 1.84 2.40 2 . 2 0 1.80 1.50 1 . 2 0 . 94




























S tream  D ischarge  (cubic ft. / s e c .  )
Gauging Station June 24 Ju ly  2 Ju ly  9 Ju ly  17 Aug. 2 Aug. 19 Sept. 1
Dead H orse Spr. 2 . 0 0 .84 . 75 . 60 . 60 . 50 . 50
E lk  C r. 40.20 44. 50 35. 80 32. 90 32.00 25 .30 36. 80
M alla rd  Canal 12.61 8.31 13. 50 8 . 1 0 6 . 40 12.61 4 .70
H arlequin  Canal 18.00 17.20 16.00 13. 70 10. 51 10.17 10.17
T o ta l Inflow 778.70 617.06 487. 74 368.03 172.02 176. 83 161.87
L ow er S tru c tu re 405.20 468.00 411.00 259.80 140.00 44 ,00 57.20
CO
-J
A ppendix  IV
S u b m e rg e d  M a c ro p h y te s  of R ed R ock  L ak e s  Refuge
S c ie n tif ic  N am e
P o ta m o g e to n  p e c t in a tu s  . 
P o ta m o g e to n  r i c h a r d s o n i i  
P o ta m o g e to n  p ra e lo n g u s  
P o ta m o g e to n  z o s te r i f o r m is
P o ta m o g e to n  fo lio s  us 
P o ta m o g e to n  f r i e s i i  . 
P o ta m o g e to n  p u s i l lu s  
C h a ra  v u lg a r i s  
I s o e te s  s p p .
Na.jas f le x i l is  . 
Z a n n ic h e l l ia  p a lu s  t r i s  
E lo d e a  c a n a d e n s is  
L e m n a  t r i s u l c a  
R an u n cu lu s  a q u a t i l i s  . 
U t r i c u l a r i a  v u lg a r i s  .
C e ra to p h y llu m  d e m e r s u m
H ip p u r is  v u lg a r is  
C a l l i t r i c h e  h e r m a p h ro d i t lc a
S a g i t t a r i a  cu n ea ta  
N i te l la  f le x i l is  
M y rio p h y llu m  s p ic a tu m  
P o ly g o n u m  am p h ib iu m
C om m on N am e
. Sago Pondw eed 
. R ic h a rd s o n 's  Pondw eed  
. W h ite s te m  Pondw eed 
. F la t s te m  Pondw eed  
. L ea fy  Pondw eed 
. F r i e s  Pondw eed 
. S len d e r  Pondweed 
. M u sk g ra s s  
. Q u illw o rt 
. S len d e r  Naiad 
. H orned  Pondw eed 
. W a te rw eed  
. S ta r  Duckweed 
. W a te r  B u tte rcu p  
. B la d d e rw o rt  
. C oonta il  
. M a re 's  T a i l  
. W a te r  S ta rw o rt  
. W apato  
. S tonew ort 
. M ilfo il 
. S m artw ee d
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A ppendix  V 
S p e c ie s  D is t r ib u t io n  Maps
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Species Low er Upper R iver Widgeon Swan Lake Lake M arsh  Pond Lake
C ulver MacDonald Refuge 
Pond Pond T ota l
Potam ogeton p raelongus 47. 0
Lenina t r i s u lc a  331.9
C eratophyllum  d em ersu m  46. 0
Potam ogeton  zo s te r l fo rm is  37.2
P otam ogeton  r i c h a r d s onii 240 .8
Najas f lex ilis
Potam ogeton  pectinatus 82. 2
Iso e te s  sp p .
H ippuris v u lg a r is  5. 0
Po tam ogeton  folios us 1. 0
U tr ic u la r la  v u lg a r is  10. 8
N ite lla  f lex ilis
S ag itta r ia  cuneata  12 .7
Potam ogeton  f r i e s i l  1. 0
325.3
TR
10.7  2 9 .4
201.1 141.2
11.5 2 .5
341.7  34 .4
2 . 1
TR
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Elodea canadensis 5. 9 1 1 . 2 3.3 44 .8 TR 4.18 — — 69 .4
C hara  v u lg a ris 11. 7 258. 5 38. 5 .08 84 .7 . 83 .3 4 394. 7
Ranunculus aquatil is — — 18.8 TR .23 TR . 1 0 TR 19.1
M yriophyllum sp ica tum 142.0 6 8 . 1 1 1 2 . 2 18.8 134.4 3 .47 — — 479 .0
Zannlchellia  p a lu s tr is *  - --- -  - TR -  - .6 7 . 96 1 . 6
C a ll i t r ich e  h e rm ap h ro d it ica — ^ -  — - -  - -  - .17 TR . 2 0
Potam ogeton  pusillus 4 .1 1 0 . 2 2 . 1 2 .5 14. 7 3. 63 4. 6 4 1 .8
979. 3 1263. 6 413.4 77.08 32 7.1 16.64 9. 93 3087.
A c re s  Surveyed 1540 2880 570 132 415 27 1 2 5576





























s w a n  l a k e
S pec ies 1966 1969 1971
M y rio p h y llu m  s p ic a tu m 90 90 92
C h a ra  v u lg a r is 43 47 51
U t r i c u la r i a  v u lg a r is —  — 2 0 2
P o ta m o g e to n  r i c h a rd s o n i i 47 17 65
L e m n a  t r i s u l c a 3 17 7
P o ta m o g e to n  p e c t in a tu s 26 13 76
P o ta m o g e to n  p u s i l lu s . 7 1 0 1 2
Z a n n ic h e l l ia  p a l u s t r i s 3 - — —  -
P o ta m o g e to n  f r i e s i i —  - -  - 8
E lo d e a  c a n a d e n s is —  — --------- : 2
P o ta m o g e to n  fo l io su s --------- —  - 9
R anuncu lus  a q u a t i l is --------- --------- 1
N ite l la  f le x i l is
S p ec ie s  C o m p o sit io n
2
S p ec ies 1956 1966 1969 1971
M y rio p h y llu m  s p ic a tu m 48. 9 69. 5 70. 5 41. 1
C h a ra  v u lg a r is 2 . 2 24. 3 19. 9 25. 9
U t r i c u la r i a  v u lg a r is --------- --- 1 . 2 0 . 1
P o ta m o g e to n  r i c h a rd s o n i i 16. 3 3. 5 3. 0 9. 4
L e m n a  t r i s u l c a —  — 0 . 1 0 . 2 0. 7
P o ta m o g e to n  p e c t in a tu s 17. 4 2 . 2 4.2 15. 6
P o ta m o g e to n  p u s i l lu s 5. 6 0 . 2 1 . 0 4. 5
Z a n n ic h e l l ia  p a lu s t r i s --------- 0 . 2 —  — —  —
P o ta m o g e to n  f r i e s i i --------- —  - -  — 1. 7
E lo d e a  c a n a d e n s is --- --------- --- TR
P o ta m o g e to n  fo l io su s 9. 7 —  — — — 0. 5
R an u n cu lu s  a q u a ti l is 0 .4 - - -  — TR
N ite l la  f le x il is --------- “  ™ 0. 5
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F re q u e n c y  of O c c u r r e n c e  of V ege ta tion  Sam pled
S p ec ies 1967 1969 1971
E lo d e a  c a n a d e n s is 72 52 1 1
L e m n a  t r i s u l c a 67 46 56
P o ta m o g e to n  r i c h a rd s o n i i 28 43 64
M y rio p h y llu m  sp ic a tu m 53 32 46
C e ra to p h y l lu m  d e m e r s u m --- 30 34
P o ta m o g e to n  z o s te r l f o r m i s 19 16 34
P o ta m o g e to n  p u s i l lu s 31 16 3
P o ta m o g e to n  p e c t in a tu s 14 5 40
C h a ra  v u lg a r is 1 1 5 3
S a g i t t a r i a  c u n e a ta 8 5 1 2
P o ta m o g e to n  fo l io su s —  — 5 TR
P o ta m o g e to n  p ra e lo n g u s 1 1 5 2 0
N ajas  f le x i l is 6 3 —  —
P o ta m o g e to n  f r i e s i i - — --- - 1
H ip p u r is  v u lg a r is --------- —  — 1
U tr ic u la r i a  v u lg a r i s --------- : -  - 4
S p ec ie s  C o m p o sitio n
S p ec ies 1956 1967 1969 1971
E lo d e a  c a n a d e n s is 60. 5 44. 1 53. 8 0 . 6
L e m n a  t r i s u l c a 0 . 8 6 . 2 3. 4 33. 9
P o ta m o g e to n  r i c h a r d s o n i i 14. 0 14. 6 15. 0 2 4. 6
M y rio p h y llu m  s p ic a tu m 2 . 0 16. 6 4. 5 14. 5
C e ra to p h y l lu m  d e m e r s u m — — — — 17. 3 4. 7
P o ta m o g e to n  z o s t e r l f o r m i s 2. 9 4. 4 1. 3 3. 8
P o ta m o g e to n  p u s i l lu s " — 2 . 0 0. 5 0. 4
P o ta m o g e to n  p e c t in a tu s 3 .4 2. 9 0. 9 8 .4
C h a ra  v u lg a r i s 0. 9 2. 9 0. 7 1 . 2
S a g i t t a r i a  cu n ea ta 7. 7 0. 9 0 . 2 1. 3
P o ta m o g e to n  fo l io su s 3. 1 -- — - 0 . 1
P o ta m o g e to n  p ra e lo n g u s 4 .0 4. 7 0. 7 4. 8
N aja s  f le x i l is 0. 3 0. 7 TR — —
P o ta m o g e to n  f r i e s i i -  - -  - --- 0 . 1
H ip p u r is  v u lg a r i s -  - — — - — 0. 5
U t r i c u la r i a  v u lg a r is — — --- ~ - 1 . 1
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F re q u e n c y  of O c c u r r e n c e  of V egeta tion  S am pled
S p ec ies 1966 1968 1970 1971 197:
E lo d e a  c a n a d e n s is 57 65 71 43 36
M y rio p h y llu m  s p ic a tu m 67 35 54 79 34
P o ta m o g e to n  p e c t in a tu s 33 35 39 43 43
C h a ra  v u lg a r is 14 15 32 40 32
P o ta m o g e to n  p u s i l lu s 1 0 --- 2 2 69 50
R an u n cu lu s  a q u a t i l is 38 2 0 2 0 8 24
P o ta m o g e to n  r i c h a rd s o n i i ■------- - 5 7 24 16
C a l l i t r i c h e  h e r m a p h ro d i t ic a --------- --- 5 15 6
Z a n n ic h e l l ia  p a lu s t r i s 5 —  —  ' 2 16 2 2
S p ec ie s  C o m p o sit io n
S p ec ie s 1966 1968 1970 1971 1972
E lo d e a  c a n a d e n s is 54. 0 67. 2 63. 9 25. 1 33. 2
M y rio p h y llu m  s p ic a tu m 2 2 . 8 3. 6 6 . 1 2 0 . 8 13. 6
P o ta m o g e to n  p e c t in a tu s 1 . 6 1 0 . 0 8 . 9 18. 7 8 . 7
C h a ra  v u lg a r i s 1 . 9 1 2 . 5 1 0 . 7 5. 0 1 0 . 6
P o ta m o g e to n  p u s i l lu s 0 . 5 ------- 4. 1 2 1 . 8 19. 4
R an u n cu lu s  a q u a t i l is 18. 5 6 . 0 5. 2 0 . 6 9. 3
P o ta m o g e to n  r i c h a r d s o n i i 0 . 4 0 . 1 2 . 8 2. 5
C a l l i t r i c h e  h e r m a p h ro d i t i c a — " 0 . 4 1 . 0 0. 9
Z a n n ic h e l l ia  p a lu s t r i s 0 . 2 -  - 0 . 4 4. 0 1 . 8
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S p ec ies 1966 1970 1971 1972
E lo d e a  c a n a d e n s is 90 1 0 0 96 90
M y rio p h y llu m  s p ic a tu m 6 30 78 33
P o ta m o g e to n  p u s i l lu s -  — 2 0 38 ---------
C e ra to p h y llu m  d e m e r s u m — — 1 0 18 30
P o ta m o g e to n  f r i e s i i --------- 1 0 4 — —
C h a ra  v u lg a r is — — 7 B 3
R an u n cu lu s  aq u a t i l is 6 7 4 -  -
P o ta m o g e to n  p e c t in a tu s -  — 3 38 7
P o ta m o g e to n  f i l i f o rm ls --------- 3 — ** ---------
P o ta m o g e to n  r i c h a rd s o n i i --------- 3 1 0 7
L e m n a  t r i s u l c a 3 :--------- --------- - -
P o ta m o g e to n  z o s t e r l f o r m i s --- 2 — —
Z a n n ic h e l l ia  p a l u s t r i s -  — --------- 4 — —
H ip p u r is  v u lg a r i s
S p ec ies  C o m p o sitio n
2
S p ec ie s 1966 1970 1971 1972
E lo d e a  c a n a d e n s is 98. 9 89. 5 58. 3 46. 9
M y rio p h y llu m  s p ic a tu m 0 . 2 1. 7 2 4 .4 4. 8
P o ta m o g e to n  p u s i l lu s — — 2. 4 3. 3 — —
C e ra to p h y l lu m  d e m e r s u m --- 0 . 1 0. 5 44. 6
P o ta m o g e to n  f r i e s i i --------- TR TR — —
C h a ra  v u lg a r i s -  - 0 . 2 0 . 1 2 .4
R an u n cu lu s  a q u a t i l i s 0 . 8 0 . 8 0. 3 — —
P o ta m o g e to n  p e c t in a tu s — “ 0. 3 9. 4 1 . 0
P o ta m o g e to n  f i l i f o rm ls -  — 2 . 6 — -  -
P o ta m o g e to n  r i c h a r d s o n i i — — 2 . 6 3. 5 0 . 2
L e m n a  t r i s u l c a 0 . 1 — — - — -  -
P o ta m o g e to n  z o s te r l f o r m i s --- --- 0. 4
Z a n n ic h e l l ia  p a lu s t r i s — — ■* " TR — —
H ip p u r is  v u lg a r i s — — TR ---
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A ppendix VII (continued)
M ACDONALD'S POND
F re q u e n c y  of O c c u r r e n c e  of V ege ta tion  Sam pled
S p ec ie s 1967 1969 1971
P o ta m o g e to n  p e c t in a tu s 42 58 95
Z a n n ic h e l l ia  p a lu s t r i s 79 58 60
P o ta m o g e to n  fo l io su s 53 53 25
C h a ra  v u lg a r i s 6 8 5 25
M y rio p h y llu m  s p ic a tu m 1 1 — — -  *•
L e m n a  t r i s u l c a 5 — — — —
P o ta m o g e to n  p u s i l lu s * - — — 90
R a n u n cu lu s  a q u a t i l is — — — " 15
C a l l i t r i c h e  h e r m a p h ro d i t ic a ----- — — 1 0
S p e c ie s  C o m p o sit io n
S p e c ie s 1967 1969 1971
P o ta m o g e to n  p e c t in a tu s 2 0 . 0 4 0 .0 39. 3
Z a n n ic h e l l ia  p a l u s t r i s 25. 0 22. 7 9. 8
P o ta m o g e to n  fo l io su s 25. 3 35. 8 1 .3
C h a ra  v u lg a r i s 29. 5 1. 5 3. 5
M y rio p h y llu m  s p ic a tu m 0 . 2 - - - -
L e m n a  t r i s u l c a TR — — ----
P o ta m o g e to n  p u s i l lu s — — — — 46. 3
R an u n cu lu s  a q u a t i l is --- TR
C a l l i t r i c h e  h e r m a p h ro d i t i c a -  - TR
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S p ec ie s 1966 1968 1970 1971 1972
C h a ra  v u lg a r i s 38 46 42 29 41
P o ta m o g e to n  r i c h a rd s o n i i 65 70 40 57 43
M y rio p h y llu m  s p ic a tu m 4 28 29 24 2 2
P o ta m o g e to n  p ra e lo n g u s 15 1 2 2 1 52 17
S a g i t t a r i a  cu n ea ta 17 14 13 8 1 0
P o ta m o g e to n  p e c t in a tu s 31 1 0 1 2 62 2 1
N a ja s  f le x i l is 17 1 0 8 5 9
E lo d ea  c a n a d e n s is 31 1 0 5 6 1
U tr ic u la r i a  v u lg a r is —  — “  — 3 TR —  —
P o ta m o g e to n  f i l i fo rm ls —  — —  — 3 —  — —  —
P o ta m o g e to n  p u s i l lu s —  — —  — 2 3 1
R an u n cu lu s  a q u a t i l is 2 --------- 1 2 1
P o ta m o g e to n  z o s te r l f o r m is -------- - — 1 7 3
P o ta m o g e to n  f r i e s i i
S p ec ies C o m p o s it io n
TR
S p ec ies 1956 1966 1968 1970 1971 1972
C h a ra  v u lg a r i s 25. 3 2 4 .0 33 .2 58. 9 20. 5 56. 7
P o ta m o g e to n  r i c h a rd s o n i i 3. 3 43. 1 36. 8 13 .2 16. 0 16. 5
M y rio p h y llu m  sp ic a tu m 0 . 2 0. 7 14. 5 9. 7 5. 4 9. 8
P o ta m o g e to n  p ra e lo n g u s 3. 9 6 . 7 4. 9 8 . 4 25. 8 6 . 5
S a g i t t a r ia  cu n ea ta 2 . 8 1 . 8 4. 1 1 . 2 0. 5 1 . 2
P o ta m o g e to n  p e c t in a tu s 4. 8 8 . 7 4. 7 4. 3 27. 1 4 .2
N a ja s  f le x i l is 4. 0 0. 4 1 . 0 0. 3 0. 9 0. 5
E lo d e a  c a n a d e n s is 46. 6 1 2 . 0 0 . 8 0 . 1 0. 9 0 . 6
U tr ic u la r i a  v u lg a r is —  — --------- —  - 0. 3 TR —  —
P o ta m o g e to n  f i l i f o rm ls “  — —  — 3. 0 -  - —  —
P o ta m o g e to n  p u s i l lu s —  — —  — —  “ * 0. 7 0 . 8 --- -
R an u n cu lu s  a q u a t i l is --------- 2 . 0 —  — TR 1. 5 1. 5
P o ta m o g e to n  z o s te r i f o r m is 3. 2 —  — TR 0 . 8 2. 5
P o ta m o g e to n  f r i e s i i —  — —  - --------- TR —  —
P o ta m o g e to n  fo l io su s 5. 7 —  —
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P r i m a r y  O v e r -W in te r in g  M e c h a n ism s  of S u b m erg ed  Mac r  op by tes
a t  R ed R ock  L ak e  Refuge
S p ec ies R h izo m e T u b e r W in te rBuds
D o rm an cy
S p o res
o r
Seeds
I s o e te s  sp p . X X
C h a r a  v u lg a r i s X
N ite l la  f le x i l i s X
L e m n a  t r i s u l c a X
E lo d e a  c a n a d e n s is X
N a ja s  f le x i l is X
P o ta m o g e to n  p e c t in a tu s X X X
P o ta m o g e to n  f r i e s i i X in f e r t i l e
P o ta m o g e to n  r i c h a r d s o n i i X X X
P o ta m o g e to n  p ra e lo n g u s X X X X
P o ta m o g e to n  fo l io su s X X X
P o ta m o g e to n  z o s te r i f o r m i s X in fe r t i l e
P o ta m o g e to n  p u s i l lu s X in fe r t i l e
Z a n n ic h e l l ia  p a l u s t r i s X X
S a g i t t a r ia  c u n e a ta X X
C e ra to p h y l lu m  d e m e r s u m X
R an u n cu lu s  a q u a t i l is X X
H ip p u r is  v u lg a r i s X X
C a l l i t r i c h e  h e r m a p h ro d i t i c a X
U t r i c u l a r i a  v u lg a r is X
P o ly g o n u m  am p h ib iu m X X
M y rio p h y llu m  s p ic a tu m X X
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N utritiona l A nalysis of Subm erged M acrophytes
Species
P e rce n t
M oisture P ro te in Crude Fat Crude F ib e r Phosphorus C alcium
Potam ogeton r ich a rd so n ii 8 8 . 2 14. 9 1.08 2 1 .4 . 31 4 .0
Potam ogeton praelongus 8 6 . 0 10. 5 1. 52 17.2 .18 1 2 . 0
Ceratophyllum  d em ersu m 89. 6 1 1 . 1 . 77 14. 5 .28 8 . 0
Potam ogeton pectinatus 85.0 7. 5 . 50 1 1 . 6 .17 13. 1
U tr icu la r ia  vu lga ris 95.1 10.4 1 . 1 2 1 2 . 0 . 2 1 1 . 8
Lem na t r isu lc a 87.0 13.3 1 . 2 2 11,5 . 2 1 9. 5
Potam ogeton z o s te r ifo rm is 80. 6 9. 8 .97 20. 5 .17 16. 1
S ag itta ria  cuneata 97.0 19.0 1 .4 2 1 .9 . 58 2. 7
C hara  vu lgaris 79. 9 7.2 .62 6 .9 . 1 0 23. 7
Myriophyllum sp icatum 90. 6 13.5 .74 12. 5 . 2 1 7 .4
T riticum  aestivum 9. 6 1 1 . 6 1.57 3 .0 . 59 0.05
Elodea canadensis 89, 9 10.4 1 . 2 2 11.5 .26 8 . 4
